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TO THE RE VISED EDITION. 
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Twelve years have elapsed since the publication of this Illustrated Astronomy ; during this time many neu> planets or Asteroids have been 
discovered ; a notice of which will be found in its proper place ; also a notiee of Professor Bond's new theory in regard to Saturn's rings. 

The favor with which this work has been received by teachers and the public generally has far exceeded the author's expectations, it having 
run through fifteen editions since its publication. It has been thoroughly revised, and the new discoveries are brought up to the present date ; 
five new illustrations have been added, and a new set of Electrotype plates have been procured at a great expense, which ^ve a very distinct 
and beautifiil diagram. 

It has been the object of the author of this lUustrated Astronomy^ to present all the distinguishing principles in physical Astronomy with as 
few words as possible ; but with such ocular demonstrations, by way of diagrams and maps, as shall make Uie subject easily understood. The 
Ifftter press descriptions and the illustrations will invariably be found at the same opening of the book ; and more explanatory cuts are given, and 
at a much less price than have been given in any other elementary Astronomy. 

This work is designed for common schools, but may be used with advantage as an introductory work in high schools and academies. In the 
preparation of these pages, most of the best works in our language have been consulted, and the best standard authorities, with regard to new 
discoveries and facts, have governed the author's decisions. 

The Diagrams, which are larger and more full than those of any other work adapted to common schools, are most of them original in their 
design, and exhibit the positions and phases of the planets in their orbits. The drawings being upon the principle of* perspective, exhibit the 
inclinations of their several axes to the planes of their orbits more correctly than has hitherto been done in any other popular work. It is \i^ell 
to intimate to the young elementary student, who has made himself somewhat acquainted with the sublime mechanism of the solar system, that 
there is something more magnificent beyond. Accordingly the author has given a few Sidereal Maps, just to awaken in the young astronomer 
the amazing conception, that unnumbered suns and revolving worlds occupy the depths of space fcur beyond the confines of our planetary sys- 
tem. By these maps he will be able to learn the relative positions of the principal constellations and stars, which will be found useful and 
interesting to him in subsequent investigations of the ennobling truths of mathematical Astronomy. 

The author is not so vain as to suppose that he has been able to present to teachers a fruitless work ; but in his own practice, finding it tedi- 
ous and oflen difficult to explain all the representable phenomena of the science on the hlack-board, and finding also a general concurrence of 
opinion among teachers most interested in the study of Astronomy, that a cheap, compact, and illustrated work is necessary in our common 
schools, he has attempted the production of such a work. The success of the work and the favor with which it has been received, sufficiently 
prove its superiority over all other works for the instruction of pupils in the general outlines of the science of Astronomy, and satisfies the 
author that he has not labored in vain in the production of this worii. 

Objections which are sometimes urged against questions and answers, in an elementary work, will not, the author hopes, be urged' in this 
case, as the pupil has the subject, fully illustrated, continually before the eye, while he is learning his lesson. 

To the teachers, of our common country, this work is most respectfully dedicated, in the sincere desire that the cause of education may be ^ 
benefited, and the labors of instruction in Astronomy may be rendered more easy and pleasant, fix)m the illustrations it contains. 

ASA SMITH, Former Principal of PMic School, No. 12, 

Seventeenth Street, near Eighth Avenue, City of New York. 

. \ ■ • 
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INTRODUGTION TO ASTRONOMY. 



/. 



LESSON I. 

Question, What is the body called upon which we live ? 

Answer^ It w called the Earth, or World. 

Q. What idea had the Ancients respecting the shape of the earth ? 

A. They believed it was an extensive plain, rendered 
uneven by hills and mountains. 

Q. Why did they think it was an extended plain ? 

A. Because they formed their opinions from appear- 
ances only. 

Q. Did they believe that the earth had any motion ? 

A. They did not ; they believed that the earth rested 
on a solid, immovable foundation. 

[Thej retj naturally camo to this conelnsion/ as they were entirely Ignorant of the laws of 
attraction or jcraritation. They beUered that if the earth were to torn over, tliat ^very tiling 
wouM be prtKsipitated from its sar&co.] 

Q. Had they any definite ideas respecting what held the earth up? 

A^ Their views were very vague and unsatisfactory. 

[There have been many abrard idoas advanced, at different ages of tt^ world, as to what wnp- 
portiHi the cArth. 8ome suppoeed it to be ahapiMl like a. Canoe, and to' float upon the waters; 
others, that It re«tcd npou the back of an Klehiiamt or huge Tubtlb ; while, according to my- 
thoI(^, Atlas supported it upon his shoulders : but, what kept the waters in tneir place, or upon 
what the Blephan^ Turtle, or Atlas stood— this was a mystery they oouu> nkver bolts.] 

Q. Did they believe the -earth extended the same distance in all 
directions ? 

A. They believed it to extend much farther from east 
to we$t than from north to south. 

(They oheerred that In going east or west, on the same puallel of latitude, no diange took 
place in the appearanoo of the hnarens ; but in gning north or south, on the same meridian, every 
sixty miles cauMd a difference uf one degree in u&e elevation of the pole, and in the position of the 
drcl«s of daily motion of the son and other heavenly bodies ; therefore they concluded that the 
earth was very long from ea^t to west, but comparatively narrow fhmi north to souUi. From tbJs 
originated the use of the tmrms longitude and latitude; longitude meaning length, and Is^tude, 
breadth.] 

Q. What ideas had they respecting the motions of the sun, moon, 
and stars ? 

ii. They supposed that they xevolved around the 
earth, from east to west, every day.. 

Q. Wliat was this system called, that suf^osed the uHJli fp be at 
rest m the centre, and all the heavenly bodies to revolve amuid it? 

A. The Ptolemaic system. 



[Ptolemy asserted, that the sun, moon, planets, and stars revDivad around tha < 
to west, ever^ 24 hmini; and to account for their not falling iipon the earthf viMa; dMj p as sed 
over it, he rapposed that they were each fixed in a separate hollow crystalUna ^Mm, one within 
the other, ^os the moon' was In the first ; Mercury In the second ; Venus In the diird; the son 
in the fimrth; Man in the fifth: Jupiter in the sixth; Saturn ia the seventh;— (the pUnet 
Uerichel was not known at this time)---the flxed%ars in the eighth. He supposed the stars to 
be In one sphere as they are kept In the same position with respect toaadi o^mt. To permit the 
U;:ht uf the stars to pan down to the earth, be suppose^ these sphenia-or ipbes were perfectly 
dear or transparent like gtass. The power which moved' thesa sfherSI^ he mppoeed, was oom- 
mnnlcated from above the sphere which contained the stars.] 



LESSON JI. 

Quesiton. -Eyert one is conscious that the sun, which rises daily 
in the east and seta in the west, is the same body ; where does it go 
during the night ? 

Answer. It appears to pass round under the earth. 

Q. When we look out upon the stars, on successive evenings, they 
ap]>eai to have, a definite position with respect to each other, and a 
westward movement like the sun ; what motion do they appear to 
haye from their setting to their rising ? 

-4. They appear to pass under the earth. 

Q. From the north to the south point of the heavens, there is a 
continuous arc of stars, and in their passage under the earth they are 
net at all disai*ranged, what can you infer from this fact ? 

A. That they pass completely around the earth, and 
every thing attached to it. 



Q. We see no body at rest that does not touch some permanent 
support, but we see bodies in motion supported for different lengths of 
time without restiur^ upon any other surface ; if the' earth does not 
rest upon any thing, is it probably at rest ? 

A. It is more probable that it is in motion. 

Q, If we thi'ow a ball, does the same side always remain forward ? 

A Not always ; it sometimes turns round and round. 

Q. j^at do we call the line round which it turns ? 

A. Its axis. 

Q If a fly were on the ball, would distant objects appear to him to 
be stationary ? 

A, They would appear to revolve around the ball, as 
often as it turned over. 

Q. K the earth is moving in space, is it in accordance with the 
known motion of ordinary bodies, to suppose that the same side 
remains forward ? 

A, It is not. It is more reasonable to suppose that it 
turns on its axis. 

Q. If the earth turns, and we are carried round on its surfa(5e, what 
appearance must the sun and distant stars necessarily .present ? 

A, They must appear to move around the earth in the 
opposite direction. 



.LESSON III. 

Question. What other reason can yon give for the earth's turning? 

Answer. The stars are so distant, that their motion 
would be immensely swift in comparison with the mo- 
tion of the earth, to produce the same effect. 

Q. But have we not positive proof, and that too of different kinds, 
that the earth turns on its axis ? 

A. We have. — 1. The shape of the earth, elevated at 
the equator and depressed at the p6les, can be ac- 
counted for on no other supposition. 

2. A body at the equator, dropped firom a great 
height, falls eastward of the perpendicular. 

3.' The trade winds and ocean currents in the tropi- 
cal regions are clearly traceable to the same cause. 

Q. IT the earth ia moving in space, does it proceed in a straiffht 
Kae? 

A. It does not ; but it would do so, were it not 
a.ttracted by other bodies. 

4 

Q. What is the attraction, by which all partidee of matter tend 
towards* each other, called ? 

A. The attraction of gravitation. 

Q. What large body, by its attraction, caoaes the earth to revolve 
around it in a curve line ?* 

A. The sun. 

Q. What other similar bodies revolve aroimd the sun ? 

A. The planets. 

Q. What may we call the earth, when considered wkh x«gKrd toits 

size, shape, motions, &c ? 

A. One of the planets. 

Q. What science describes these characteristics of the earth, and 
other heavenly bodies ? 

A. Astronomy. 
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LESSON IV. 



ABTBONOmr. 



QuMltan. WHA.T is astronomy? 

Answer. Artronomy is the science which treats of the 
heavenly bodies. 

Q. What are the heavenly bodies? 

A. The sun, moon, planets, comets, and stars. 

Q. What are some of their characteristics, of which astronomy treats ? 

A. Their appearance, size, shape, arrang^ent, dis- 
tance, motions, physical constitution,and their influence 
on each other. 

Q. Are they all of the samd magnitude, or size ? 

A. The sun and stars are much larger than the other 
bodies. 

Q. Are they all at the same distance from the earth ? * 

A. They are not ; the moon is the nearest, and the 
stars the most distant. 

Q. Do they all emit Hght of themsdves ? 

A* Not all of them. 

Q. How are they divided in this respect ? 

A. They are divided into two classes, luminous and 
opaque. 

Q. What is a Imninous body ? 

A. It is a body which shines by its own light 

Q. What is an opaqae body ? 

A. It is a body which shines only by reflecting the 
light of a luminous body. 

Q. Which are the luminous bodies in the heavens ? 

A. The suif and fixed stars are luminous bodies. 

Q. Which are the opaqae bodies in tlie heavens ? 

A. The moon, planets, and comets. 

Q. Wliy do the moon, planets, and comets appear luminous ? 

A. Because they reflect to us the light of the sun. 

Q. What is the shape of the heavenly bodies ? * - m ^ 

A. They are round like a globe or ball. / "x/' 

Q. What do the sun, moon, planets, and comets constitate ? ^ 

A. They constitute the solar system. 



Q. What are their names, beginning at the son f 

A. Mercury, Venus, the Earth, Mars, (Fifty-seven 
Asteroids or small Planets,) Jupiter, Saturn, Uranus, 
and Neptune. 

Q. How many secondary planets or moons ars there ? 

A. Eigh-teen. 

Q. Which planets have moons ? 

A4 The Earth has 1, Jupiter 4, Saturn 8, * Uranus 
4, and Neptune 1.. (note) 
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LESSON V. 

THE 80I.AB SYSTEM. 
QuMtiarL How are the bodies constituting the solar system arranged ? 

Answer. The sun is placed in the centre of the sys- 
tem, with the planets and comets refvolving aroimd it at 
unequal distances. 

' Q. How many planets are there in the solar system ? 

A. Eighty three is the number known at present. 

Q. How are they divided with respect to their motion ? 

A. They are divided into two classes, primary and 
secondary. 

Q, What is a primary planet? 

A.\ It is a planet which revolves around the sun only. 

Q. What is a secondary planet ? 

A. It is a planet which revolves around its primary, 
and with it around the sun. 

Q. Vyhat are the secondary planets usually called ? 

A. They are called satellites or moons. 

Q, How many primary planets are there ? 

A 8 large planets and 57 asteroids or small planets. 
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LESSON VI. 

Question. Ho w^ many revolutions has a primary planet? 

Answer. Two ; one on its axis, and another around 
the sun. 

Q. What is the axis of a planet ? 

A. It is a straight line, round which it turns. 

Q. What is the path called, in which a'planet revolves around the 

sun ? 

A. It is called its orbit. 

Q. What is the earth's orbit called ? 

A. It is called the ecliptic. 

Q» Why is it so called ? 

A. Because eclipses take place, only when the. moon 
is in its .plane. 

Q. How many revolutions has a secondary planet ? 

A. Three. Ist, the revolution upon its axis ; 3d, the 
revolution around its primary; 3d, the revolution with 
its primary around the sun. 

Q. How are the planets divided, with respect to their distance from 
the sun? 

A. Into inferior and superior, according as their dis- 
tance from the sun is less or greater than that of the 
earth. 

Q. Which are the inferior planets ? 

A. Mercury and Venus. 

Q. Wliich are the superior ? 

A. Mars, the Asteroids, Jupiter, Saturn, Uranus, 
and Neptune. 
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LESSON VII. 

PRIMARY PLANETS. 
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For table of A$(eroida tee page 26. 



Note. — Hersohel claimed to have seen six moon's reyolriiiff aroimd the planet 
which he discovered, and which for several years was called by bis name ; but 
subsequent observations by the most celebrated observers, proye that Hersohel 
was mistaken, as only four have been seen by them, — It also is not positively 
ascertained that Neptune has more than one sattellite, although Leverrier an- 
Douneed two. 
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LESSON VIII. 

OBNTBIPETAIi AND OENTBIFUGAIi FOROE. 

QuMiofu What is that force called with which all bodies attract 
each other in proportion to their mass and square of the distalice ? 

Answer. The attraction of gravitation. 

Q. What is centripetal force ? 

A. It is the force which draws a body towards the 
centre round which it is revolving. 

Q. What large body by its attraction exerts a centripetal force upon 
aU the primary planets and comets ? 

A. The sun. 

Q. What body exerts a centripetal force upon the moon ? 

A. The earth. 

Q. What bodies exert a centripetal force upon the other moons ? 

A. The primary planets around which they revolve. 

Q. What is the centrifugal force of a heavenly body ? 

A, It is that force which moves it forward in its orbit. 
Q, How do these two forces cause the planets to move ? 

A. They cause them to move in circular or elliptical 
orbits. 

Q, What is a circle ? 

A. It is a plane figure bounded by a curve line, all parts 
of which are equally distant from the centre. (Fig. 4.) 

Q. What is an ellipse ? 

A. It is an oblique view of a circle. (Fig. 4.) 

[Note.— Teachers Hhould be sure that the pupils nndoratAiid the definition of an dlipse, becaaae 
in Tiewinf; some of the diagrams tiiey may receive a wroug impression. In tlie diagram repr^ 
seutiug the Maauns, the earth's orbit appears yery elliptical : this would be well understood by the 
pupil, sliould tlio teacher call his particular attention to it Also, a plane of a circle should be 
well undvrdtocd.] 

Q, What are the foci of an ellipse ? 

A. They are the two points around which the ellipse 
^ is drawn. (Fig. 7.) 

Q, Where are these points situated ? 

A, In the greater axis, at equal distances from the 
centre. 

(?. What is the eccentricity of an ellipse ? 

A, It is the distance from the centre to either of the 
foci. (Fig. 7.) 

Q. Where is the sun situated within the orbit of each planet? 

A, If is situated in one of the foci. (Fig. 8.) 

Q, When are circles in the same plane ? (Fio. 5.) 

A, When their planes lie in the same straight line. 

Q, When are circles not in the same or parallel planes ? 

A, When their planes intersect each other. (Fio. 6.) 

LESSON IX. 

Question, How many laws did Kepler discover, which bear his name ? 

Answer, Three. 

Q, To what do they relate ? 

A, They relate to the motions of the planets. 

Q, What is the first law of Kepler ? 

A, That all the planets revolve in elliptical orbits, 
having the sun in one of their foci. (Fig. 7.) 

Q, What is the second law ? 

A. That the radius vector passes over equal areas in 
equal portions of time. 

Q What is tlie radius vector ? 

A. It is a line drawn from the sun to a planet, in any 
part of its orbit. (Fig. 7.) 

Q, What is the third law ? 

A. It is that the squares of the times of the revolu- 
tions of the planets around the sun, are projSortional to 
the cabes of their mean distances from the sun. 



THB MEAN AISTD TRUB FIiAOB OP ▲ FLANBT. 

Q, What is the mean place of«the earth, or a planet in its orbit ? 

A, It is that jioint in its orbit where it would be if it 
moved in a cirdc, and with the same velocity at all 
times. (Fig. 8.) 

Q, What is the true place of the earth or a planet ? 

A, It is that point in its orbit where it really is at any 
given time. (Fig. 8.) 

Q, What is the aphelion ? 

A, It is that point in the orbit of the earth or planet 
farthest from the sun. (Fig. 8.) 

Q, When is the earth in the aphelion, or &rthest from the sun ? 

A, July 1st. (Fig. 8.) 

Q. Wliat is the perihelion ? 

A, It is that point in the orbit of the earth or planet 
nearest to the sun. (Fig. 8.) 

Q, When is the earth in the perihelion, or nearest to the sun ? 

A, January 1st. (Fig. 8.) 



LESSON X 

Question, In what points of a planet's orbit do its mean and true 
places coincide ? 

Answer, At the aphelion and perihelion. (See Fig. 8.) 

Q, What straight line connects these points, and pdsses through the 
sun ? 

A, The apsis line. 

Q, When is the true place of the earth or planet behind ita mean 
place ? 

A. While it is moving from the aphelion to the peri- 
helion. (See Fig. 8.) 

Q, When is the true place of the earth or planet before its mean 
place? 

A, While it is moving from the perihelion to the 
aphelion. (See Fig. 8. ) 

Q, When does it move with the least velocity? 

A. When it is at its greatest distance from the sun. 

Q, Wh(;n Is the motion of the earth or planet in it5 orbit increasing? 

A, When it is moving from the aphelion to the peri- 
helion. 

Q, Why does the motion increase from the aphelion to the perihelion? 

A. Because it is approaching nearer to the sun. 

Q, What causes it to approach tlie san ? 

A, The centrifugal force at the aphelion is not suffi- 
ciently great to prevent its falling towards the sun. 

Q, When does the earth or planet move with the greatest vdoctty? 

A, When it is the* nearest to the sun. 

Q. When is the motion of the earth or planet decre&sing? \. ' 

A, While it is moving from me perihelion t^ tlie 
aphelion. 

Q, Why does the motion decrease from the perihelion to the aphelion ? 

A. Because the planet is receding from the sun. 

Q, What causes it to recede from the sun ? 

A, The centrifugal force at the perihelion is so great 
as to carry it farther from the sun. 

OZNTBIFBTAIi Aid) CENTBIFUOAI< FOBOB8. 

A body prqjocted by any force wonld Always more forward In a straigbt line, and with tiM — fft 
Telocity, unlM« acted upon by eooie other force. A ball ditichargedfrom agautMr thrown from the 
hand soon \o»c% \u pn.>joctiK' f.>rce by tbo resistance of the atmosphere, and i« tuooght to the . 
frroand by the attraction of the earth, or centripetal force. (Pio. 8.) These t>ro ftyroMi OMl be well 
illiutrat^. {^tx. Vvi. 1, 2.) by tyiug a strini; to a ball and fwlngin;; it round, the centrifugal fbroe 
Imparted to ttie Itall by the hand and by means of the string, causes the ball to move in a circle; but 
If the St riu); should break, the centrifugal force would carry it off in a straight line, if the ball were 
not attriK'ted by the earth. The string corre8])onds to the attraction of thu sun in our aclax sys- 
tem, which causes the planets to move in regular curves around the sun. instead of straight liiiee. 
If the attraction of the sun or centripetal fin-ce should oeeae, the planets would fly off Into qMwe 
in etraight lines; but if the centriftis^ force should oeaee, and the centripetal fiwoe oontinna^ the 
fkneta wookt immediately ikU into the eon. 
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LESSON XI. 

BUN. 



It 



Quutiatu What body is in the centre of the solar system ? 

Answer'. The sun. 

Q. Describe the sun ? 

A. The sun is a large luminous body, which gives 
light and heat to the whole solar system. 

Q. What is the diameter of the sun ? 

A. 886,952 miles. 

Q. How much laf ger is the sun than the earth ? 

A. It is 1,384,472 times greater. 

Q. What is the specific gravity of the sun ? 

A. It is H the weight of water. (1.38.) 

Q. What is the size of the sun compared with the planets ? 

A. It is 500 times as great as the bulk of all the 
planets. 

Q. What can you say of its mass or weight ? • 

A. It is about 750 times the mass of all the planets. 

Q. What is the distance of the sun from the earth ? 

A. It is about 95,000,000 of miles. 

Q. What did the ancient astronomers consider the sun to be ? 

• A^ A large globe of fire. 

Q. What do astronomers at the present day consider it to be ? 

A. An opake body like the earih, surrounded by a 
luminous atmosphere. 

Q. What motion has the sun ? • • 

A, It has three motions — 1st, on its axis ; 2d, around 
the centre of gravity of the solar system ; 3d, around 
the centre of the imiverse. 

[The term universe la ived by antroaomeni, though perhaps improper! j, to dednuite the great 
cluster or firmament of stara in which onr eun is 8ituateiU--(SiCK paoea 45 and 4£) This olnster 
Includee all the single fitars«that can be sc^n with the naked eye, and all those composlnR the 
galaxy or millcy way. Tiie number of xtara or nuns in thn cluster is estimated at man/ mUUons; 
all which, llko onr sun, are supposed to rerotvo around the common centre of grayity of the whdle 
duflter. Sererel thousand other distinct clusters or nebuUe, situated without our firmamoity can 
be aoen by the best telescopes, nearly all of which are Invisible to the unaasisied eye.] 

LESSON XII. 

. Queiiwn. What is the inclmation of the sun's axis to that of the 
ecliptic ? 

- Answer. About 7 J degrees. 

Q. In what time does it revolve on its axis ? 

A. In about 25 days and a half 

Q. How is the revolution of the sun on its axis determined ? 

A. By spots on its surface, which first a'ppear on the 
east side, pass over, and disappear on the west side. 

Q. What is the nature of these spots ? 

A, They are supposed to be openings in the luminous 
atmosphere, which enable us to see the dark body of 
the sun. 

Q. What occasions these openings in the luminous atmosphere ? 

A. They have been attributed to storms and various 
otUoY causes. 

m 

Q." Do these spots undergo any changes ? 

A, They are constantly changing, and sometimes very 
rapidly. Some have appeared, others disappeared sud- 
denly. 

Q, On what part of the sun do they appear ? 

A. Within about thirty degrees of the equator. 

Q. Is the surface of the suo, in thb region of the spots, tranqoil or. 
agitated ? 

A. It is in a*8tate of continual and violent agitation. 



Q. What reasons have we to suppose that the luminous part of fiie 
sun is intensely hot ? 

A. 1st, the heat of its rays, when collected into a 
focus, is very great. 2d, its rays pass through glass' 
with the greatest facility, (a property belonging to arti- 
ficial heat in direct proportion to its intensity.) 3d, 
the brightness of the sun is greater than the most vivid 
flames, or the most intensely ignited solids. 
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LESSON XIII. 

TRANSIT OF MEBCUBY AND VENUS. 

Question, What is the transit of a heavenly body ? 

Answer, It is its passage across the meridian. 

Q. What is generally meant by the transit of Mercury and Venus ? 

A, It is their passage agross the sun's disc. 

Q. What is the disc of the sun or a planet? 

A, It is the circular illuminated surface visible to us. 

Q, How do Mercury and Venus appear, when passing across the 
sun's disc ? 

A, They appear like black spots moving across the 
sun. 

Q. What proof have we that Mercuiy and Venus are not luminous 
bodies? 

A. When viewed mth the telescope they sometimes 

appear homed like the moon. 

Q. On which side of the sun does a transit begin ? 

A. On the east side, and terminates on the west side. 

THE SPOTS ON THE SUN. 

Attronomera do not agree, in all reapects, aa to the cause of the tpots on the san. From the ftcti 
already kndVm, the following appears to be the most rational view of the satiJeet. The hody of the 
■on, which is opake, la surroanded by a tiitnaparent atmosphere, in which float two strata of Inmi- 
nona olonda ; toe lower atratnm being more denae and opake, and less Imninons thMi the upper ; 
while the latter, by its brilliancy, fumisbes the greater porUon of the intense li^t of the sun. 
Above the upper stratum, the transparent atmoepbere ezteada to a great height. The agency t>y 
whidfr the light and heat of the aun are generated, to not known. The only agent of which we 
know, that presents analogous phenomena, to electricity. The northern Ughta are anppoaed to 
exhibit, in a feeble mabner, an action similar to the luminoua atrata of the aun. Th^ polar regions 
of the aun are tranquil, and the equatorial oomparatiTely ao ; but the aurfiioe on each aide of the 

auator, from 16 to 26 degroea therefrom, to in a atate of conatant and riolent agitation. It to in thto 
Kturhed region that the spota are seen ; no spot ever occurring fiirther than, about 80 depeea flrom 
the equator. The apota, beaidea revolying with the aun, are found to have a motion flrom the eqn»- 
tor towarda the polea, and when th^ arrive at the oomparatiTely calm ragion, they gradually dto* 
appear. Sometimes they ck>ae up with g^reat rapidity, at othera tber appaa to be autUenly broken 
into fragmenta and dispersed. Bright spota and streaks, called. fiicula», apparently caused by wavat 
in the luminous portion of the atmosphere, also appear on varioos jtaits of the dieo, but are seen 
moat distinctly near the margin. In the places where apota appear, fkcntos are usually seen on 
the day prevloua to their breaking out. 

But what causea the agitation of the 8un*s atmoepbere, which to ao great as fivquently to bunt 
open the luminoua strata ? Astronomers, at different timea, have aug^sted varloua cauBM Ibr the 
aun'a apota, auch as Jeta of gaa Issuing from the aun and deoompoalng the luminoua c-louda ; high 
mountaina, extending through the luminoua atrata; Tolcanoee, aenoing fbrth aahea, amoke, Ac. ; 
to say nothing of exploded theories of an older date, such aa aahea, soia^M, Ac. on the aurfkoe of 
the melted, burning maaa; or bodies very sear the aun, revolTing round it. But If wo are permit 
ted to reaaon from what takes place on the earth, we wonla ai^, that a doee analogy exiata 
between the phenomena obaerred in our own atmomhere and In thM of the aun. On the earth the 
heat of the torrid lone canaaa the air to expand and riae, causing onrrenta In the lower part of the 
atmoepbere towards the equator^ and In the upper part of the atmosphere currents towarda the 
poles. The turning of the earth pn ita axla causes the under currents to take a westerly direction, 
while the upper currenta aweep in a ounre, weaterly first, then towarda the polea, and finally east- 
ward. The principal disturbance of the atmoaphere cauaed by the trade wind ia in the vidnltyof 
the tropica. Storma oommendng In the torrid aone,are carried in the direction of the upper cur* 
rents of air. For instance, a atorm atarted in the West Indies, by the henting of the air over one of 
its islandft, thus canning an upward and circular moTeraent of tne air, usuiSly aweepa to the west 
IumI north oTtr Fh >rida. or the G ulf of Mexico, and then northeast, over the United Statea. Similar 
oauMs artin}( upon the atmosphere of the sun, would exhibit phenomena almilar to those uhlch we 
aee. This explanation auppoaea the atmosphere of the sun to be warmer at the equator than at the 
polea ; but as the sun does not, like the earth, receive Its heat from any extraneous body, its di(rer> 
ence of trrapemtnre must be sought for in the escape of its heaL It could attein thto condition 
either by a more free radtotlon of beat at the imles than at the equator, or by its absorption as totent 
hent. in the evaporation from Urge bodies of water in the polar regions. As the sun turns on ita 
axis, its vqimtorlal dtometer must be greater than its pcdar, and the stratum of atmosphere above 
the luminoufl clouds must be thicker over the equatorial region than over the polar. Hate must 
render the radiation leM free at the equator than at th^ poles, and ( ause Uiat part of the sun to be of 
a higher (einporatiire. An exec ra of heat at the sun's equator, vrlth its rotation on its axis, is sufl- 
dent to caiim* currents In its atmosphere Rimilar to our trade vrinds, and thus d|^rt> ita equatorial 
retrionK*. and it* tlio Miiot^t »re caused by ptornia buratlng open the luminoua atrata, their rsoediiig 
from the equator towards the poles is undoubtedly the effect of the iame physical caoaas that give 
a i<bnilar uintion to storms upon the earth. 

Some have fupiKMed the body of the snn to be protected by the lower opake portion of ttie inner 
stratniu nf cIoudH, from the intense heat pf the luminous strata, and thus rendercit inhabftiAle ; but 
several uLt}«*ctions will at once arise to thto theory. First, the body of the sun being surroBoded by 
dense and opake cloudji, eenld not send aft Its heat into space by radiation, and thesefore the heat 
recuiveii fhim the clouds would accumnlate and cause a high temperature. Second, the Ibree of 
gravity beiuK about thirty timcM as great aa that of the carrh, a conminn riaed man would weigh 
some two or thrcH t4)n«t ; rendering it neceseary to hare an entirely different muacnlarorganizatkm. 
Third, it is Improbable that living beings would be shut up within an impenetrable veil,aBd cutoff 
fri>m a knowledge of the pianeta, the stitre, and the countlees wonders extoting in the boundlfn 
realms of space. These and other ooDslderations reader it probable that the sun to not inhabited. 
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LESSON XI. 

THE SUN. 
Quettum. What body is in the centre of the solar system ? 

Answer.' The sun. 

Q. Describe the sun ? 

Jl, The sun is a large luminous body, which gives 
light and heat to the whole solar system. 

Q. What is the diameter of the sun ? 

Jl. 886,952 miles. 

Q. How much lafger is the sun than the earth? 

^. It is 1,384,472 times greater. 

Q, What is the specific gravity of the sun ? 

jf. It is 1^ the weight of water. (1.38.) 

Q. What is the size of the sun compared with the planets ? 

Jl. It is 500 times as great as the bulk of all the 
planets. 

• 

Q. What can you say of its mass or weight ? • 

Jl. It is about 750 times the mass of all the planets, 

Q. What is the distance of the sun from the earth ? 

Jl. It is about 95,000,000 of miles. 

Q. What did the ancient astronomers consider the sun to be ? 

• J. A large globe of fire. 

Q. What do astronomers at the present day consider it to be ? 

J. An opake body like the earth, surrounded by a 
luminous atmosphere. 

Q. What motion has the sun ? 

Jl. It has three motions — 1st, on its axis ; 2d, around 
the centre of gravity of the solar system ; 3d, around 
the centre of the universe. 

[The term unirerae is ived by Mtronomere, though perhaps fmproperlj, to dnlgnate the great 
duster or firmament of stan in which our son is 8ituate(L«--{SiCR paqes 45 and 4d.) This cluster 



Includes all the single stars* that can be seen with the naked eje, and all those composing the 

galaxy or milky way. The number of fitara or subs in fhn cluster is estimated at many 

all wnichf like our sun, are nuppoeed to rerolve around the common centre of gravity of the wfadle 



Kwmgtne 
milltons; 
thewfadle 
cluster. Several thousand other distinct clujiters or nebuUe. situated without our firmament, can 
be seen by the best telescopes, nearly all of wtxich are invisible to the unassisted eye.] 

• 

LESSON XII. 

Question, What is the inclination of the sun's axis to that of the 
ecliptic ? 

• Answer. About 7 J degrees. 

Q. In what time does it revolve on its axis ? 

'A. In about 25 days and a half. 

Q. Mow is the revolution of the sun on its axis determined ? 

A. By spots on its surface, which first appear on the 
east side, pass over, and disappear on the west side. 

Q. What is the nature of these spots ? 

A, They are supposed to be openings in the luminous 
atmosphere, which enable us to see the dark body of 
the sun. 

Q. What occasions these openings in the luminous atmosphere ? 

A. They have been attributed to storms and various 
othor causes. 

m 

Q.* Do these spots undergo any changes ? 

JL They are constantly changing, and sometimes very 
rapitlly- Some have appeared, others disappeared sud- 
denly. 

Q. On what part of the sun do they appear ? 

A. Within about thirty degrees of the equator. 

Q. Is the surface of the sun, in th)3 region of the spots, tranquil or. 
agitated ? 

A. It is in a»state of continual and violent agitation. 



Q. What reasons have we to suppose that the luminous pert of flie 
sun is intensely hot? 

A. 1st, the heat of its rays, when collected into a 
focus, is very great. 2d, its rays pass through glass 
with the greatest facility, (a property belonging to arti- 
ficial heat in direct proportion to its intensity.) 3d, 
the brightness of the sun is greater than the most vivid 
flames, or the most intensely ignited solids. 
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LESSON XIII. 

TBANSIT OF MEBCUBY AJSJ} VENUS. 

Question. What is the transit of a heavenly body? 

Answer. It is its passage across the meridian. 

Q. What is generally meant by the transit of Mercury and Venus ? 

A. It is their passage agross the sun's disc. 

Q. What is the disc of the sun or a planet ? 

A. It is the circular illuminated surface visible to us. 

Q. How do Mercury and Venus appear, when passing across the 
sun's disc ? 

A. They appear like black spots moving across the 
sun. 

Q. What proof have we that Mercury and Venus are not luminous 
bodies? 

A. When viewed Avith the telescope they sometimes 

appear homed like the moon. 

Q. On which side of the sun does a transit begin ? 

A. On the east side, and terminates on the west side. 

THB SPOTS ON THB SUN. 

Aftronomen do not agree, in ail respects, as to the cause of the spots on the sim. From the Ibeti 
already kndini, the following appears to be the most rational riew of the tntiJect. The body of the 
sun, which is opake, is surroanded by a ti-ansparent atmo^here, in which float two strata (h Inmi- 
nons cloods ; the lower stratnm being more dense and opake, and less Imninons than tiie upper ; 
while the latter, by its brilliancy, famishes the greater portion of the Intense light of the son. 
AboTe the upper stratnm, the transparent atmosphere extends to a great hei§^t. The ageuOT by 
whidfr the light and beat of the snn are generated, is not known. The only agent of which we 
know, that presents analogous phenomena, is electricity. The northern lights are supposed to 
exhibit, in a feeble mahner, an action similar to the luminous strata of ^e sun. ThQ noltf regions 
of the snn are tranquil, and the equatorial oomparatiTely so ; but the surftice on each side oi the 

auator, from 16 to 26 degrees therefrom, is in a state of constant and Tiolent agitation. It is in this 
iturbed region that the spots are seen : no spot erer occurring Ikrther tluui. about 90 d^^rees flrom 
the equator. The spots, besides revolring with the sun, are fbund to haTe a incrtion fhMn the eqna. 
tor towards the poles, and when thnr arrive at the oomparatiTely calm region, they gradually dls> 
appear. Sometimes they dose up with great rapidity, at others uer appear to be suwlenly broken 
into fragments and dispersed. Bright spots ana streaks, called faculs, apparently caused Vy waTes 
in the luminous portion of the atmosphere, also appear <m varkms jpejts (tf the dtoc, but are seen 
most distinctly near the margin. In the places where spots q>pear, fiicuUe ars usoally seen on 
the day preTious to their breaking out. 

But what causes the agitation of the sun's atmosphere, which is so great as frequently to burst 
open the luminous strata 7 Astronomers, at different times, haTe suggested Tarious causM fat the 
sun's spots, such as Jets of gas issuing from the sun and deoomposing the luminous clouds; high 
mountains, extending through the luminous strata ; Toleanoes, sending forth ashes, smoke, Ifcc ; 
to say nothing of exploded theories of an older date, such as ashes, sooriie, Ac, on the surfkoe of 
the melted, burning mass; or bodies Tery «ear the sun, rerolTing round it. But if we are permit* 
ted to reason from what takes place on the earth, we would say, that a. close analogy exists 
betwe<>n the phenomena obserred in our own atmom)here and in thiU of the sun. On the earth the 
heat of the torrid sone canso p the i^r to expand and rise, causing currents in the lower part of the 
atmosphere towards the equator^ and in the upper part of the atmosphere currents towMids the 
pole*. The turning of the earth pn its axis caosee the under currents to take a westerly direction, 
while the upper currents sweep in a onnre, westerly first, then towards the poles, and finally east- 
ward. The principal disturbance of the atmosphere caused by the trade wind Is in the Tidnlty of 
the tropics. Storms commencing in the torrid sone, are carried in the direction of the upper cur- 
rents of air. For instance, si storm startHi in thv West Indies, by the heating of the air orer one of 
its islaodK, thus caa«ing an upward and circular moTement of the air, usually sweeps to the west 
and north otit Florida, or the Oulf of Mexico, and then northeast, otm- the United States. Similar 
caOMS arting upon the atmosphere of the sun, would exhibit nhenom^u similar to those Hhich we 
see. This explanation supposes the atmosphere of the sun to be warmer at the equator than at the 
poles ; but as the sun does not, like the earth. rec^Te its heat from any extraneous body, its diffsr* 
ence of temperatnre must l>e sought for in the escape of its heat. It could attain this condition 
either by a more free radiation of beat at the poles than at the equator, or by its absorption as latent 
heat, in the evaporation from large bodies of water in the polar regions. As the sun turns on its 
axis, its equatorial diameter jnust l>e greater than its polar, and the stratnm of atmosphere ataOTe 
the luminoufl clouds most be thicker over the equatorial region than orer the polar. This moat 
render the radiation lees free at the equatur than at th^ polee, and < anse that part of the sun to be of 
a higher terajierature. An excess of heat at the sun's equator, with its rotation on its axis, is snil. 
cieot to cani*e currents in its atmosphere Rimilar to our trade winds, and thus 4|^rb its equatorial 
reirioiiK: and if tlio N|»ots are caused by storms bursting open the luminous strata, tbair receding 
from the equator towards the poles is undoubtedly the ^ect of the teme jdiysical oansss that gira 
a finiilar motion to storms upon the earth. 

Some have suppoeed the body of the snn to be protected by the lower opake portion of Uieianv 
stratutu of cloudn. from the iDtense heat of the luminous strata, and thus rendei[ed inhabitaMo ; but 
several objections will at once arise to this theory. First, the body of the sun being surroandaid by 
dense and opake clouds, seuld oot send off Its heat into space by radiation, and thesefore the heal 
reciflved from the clouds would accunmlate and canse si high temperature. Second, the fbrea of 
grHvity beins: about thirty times as great as that of the earth, a common sised man would weigh 
some two or three touA ; rendering It neceiisary to have an entirely different mnscnlarorganixatioii. 
Third, it is imprqbahle that living beings would be shut up within an impenetrable TeiUand ooto^ 
frimi a knowledge of the planets, the stars, and the connttrfls wonders existing in the boundlsas 
realms of space. These and other consideFatlons render it probable that the son Is not Inbabitad. 
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LESSON XIV. 

20DIA.0. 

Question. What is the Zodiac? 

Answer. It is a circular belt in. the heavens 16 de- 
grees wide ; 8 degrees on each side of the ecliptic. 

Q. How is the zodiac divided ? 

A. It is divided into 12 equal parts, called signs or 
constellations of the zodiac. 

Q. How is each sign divided ? 

A. Each sign is divided into 30 degrees ; each degree 
into 60 minutes ; each minute into 60 seconds, &c. 

9 

Q. What great circle is in the middle of the zodiac ? 

A. The ecliptic, or orbit of the earth. 

Q. What are the names of the constellations of the zodiac and the 
signs of the ecliptic ? 

A. Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, 
Scorpio, Sagittarius, Capricomus, Aquarius, and Pisces. 

Q. Do the constellations of the zodiac and the signs of the ecliptic 
00CQP7 the same places in the heavens ? 

-4. They do not : the signs in the ecliptic have fallen 
back of the constellations about 31 degrees. 

Q. Did ' the constellations of the zodiac and signs of the ecliptic 
ever correspond ? 

A. They corresponded to eacli other about 22 centu- 
ries ago. 

Q. What is the cause of the falling back of the signs of the ecliptic 
amonjg the constellations t 

A. It is caused by the retrograde motion of the equi- 
noxes. (Note.) 

Q. Upon what does the length of the seasons depend ? 

A. They depend upon the revolution of the earth 
from one equinox to thfe same, again. 

Q. Does the earth revolve around the sun in exactly the same 
time that it moves from one equinox to the same equinox again ? 

A. It moves from either equinox to the same again, 
seventeen minutes sooner, than around the sun« 



LESSON XV. 

QueMtian. Doss the sun appear to move in the heavens among the 
stars? 

Answer. It has an apparent motion in the ecliptic, 
eastward around the heavens, during the year. 

Q. How is this appearance caused, as the sun is in the centre, and 
does not move ? 

A. It is caused by the earth's moving around the sun. 

ft 

Q. If the earth is* in the sign Aries, where does the sun appear to be ? 

A. It appears to be in the opposite sign, Libra. 

Q. As the earth moves around in the ecliptic, where does the sun 
appear to move? 

A. It appears to move in the opposite part of the 
heavens, and in the opposite direction from the motion 
of the earth. 

Q. Which sign does the sun enter, when the north pole leans ex- 
actlv towards the sun ? 

A. Cancer. (21st June.) 



Q. Which sign does the earth enter at this dme f 

A. Capricomus. 

Q. Which signs does the sun enter, when the north pole leans side* 
ways to the sun ? 

A. Aries and Libra. 

Q. Which sign does the sun enter, when the north pole leans ex* 
actlv from the sun ? 

A. Capricomus. (22d December.) 

Q. Which are the equinoctial signs ? 

A. Aries, 21st of March — Libra, 23d of September. 

Q. Which are the solstitial signs ? 

A. Cancer, 21st of June — Capricomus, 22d of De- 
cember. 

LESSON XVI. 

. Question. How are the signs of the ecliptic divid^ ? 

Answer. They are divided into four dividons, corres- 
ponding to the seasons. 

Q. Which are the spring signs ? 

A. Aries, Taurus, GeminL 

Q. Which are the summer signs ? 

A. Cancer, Leo, Virgo. 

Q. Which are the autumnal signs ? 

A. Libra, Scorpio, Sagittarius. 

Q. Which are the winter signs ? 

A. Capricomus, Aquarius, Pisces. 

Q. In what time do the equinoxes faU hack through the whole cir- 
cle of the Zodiac ? 

A. 25,800 years. 

Q. What is this time called ? 

A. The Platonic, or great year. 

Q. How is this motion caused ? 

A. It is caused by a slow annual motion of the earth's 
axis! (Note.) 

Q. What is longitude in the heavens ? 

A. It is the distance from the first degree of the sign 
Aries, reckoned eastward on the ecliptic, the whole cir- 
cumference of the heavens. 

Q. When the sun enters Aries, what is its longitude ? 

A. Its longitude is nothing. 

Q. What is the longitude of the earth at that time? 

A. 180 degrees. 

Q. Wlien the sun enters Cancer, what is its lon^tude ? 

A. 90 degrees — the earth's longitude at the same 
time 270 degrees. 

Q. When the sun enters Lihra, what is its longitude ? 

A. 180 degrees — ^the earth's longitude degrees. 

Q.. When the sun enters Ci^ricomus^ what is the longitude? 

4- 270 degrees — the earth's longitude at the same 
time 90 degrees. 

[NoTx^-This TariaHon is caoMd by the pole of the earth Tarylng n UtUe every year. TbiM oio* 
tion of the pole of the earth ia eimllar to that sotnetfanes ahown by a top, af It iplna around on 
the point. The •torn of the top will have a drcnlar motion, deecrlhing a opne with the apex or 
top down. Thhi circular motion of the pole of the earth is Tery aloWf-Tuying only 60^' erery 
year, and requirm 25.868 years to complete a revolution— which la called the Platonic or exeat 
year. The pole of the earth is now approaching the North StoTf and will continue to approach 
It fbr about 24Q years, when it will be less than half a degree from it; it then will begin to 
recede, and in 12,900 years will be more than 47* flpom It, when it win begin to ivpnadi It, and 
wm aoallaiM tai the i 
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LES30N XVII. 

MSBCUBY. 

Question. Which planet is the smallest and nearest the son ? 

Answer. Mercury. 

Q. What is the diameter of Mercury ? 

A. 3,200 mUes. 

Q, What is its distance from the sun ? 

A. SI millions of miles. 

Q, What is its magnitude, compared with the earth ? 
A. It is ^ of the earth's magnitude. 
Q. What is the specific gravity of the planet Mercury? 

A. It is about 15 times the weight of water. (15.111.) 

Q. In what time does it revolve on its axis, or perform its daily 
revolution ? 

A. In about 24 hours. (24 hours 5 minutes.) 

Q. In what time does it revolve around the sun ? 

J. In about 88 days. (87d. 23h. 14m. 33s.) 

Q. How fast does it move in its orbit around the sun ? 

A. It moves 112,000 miles an hour. 

Q. What is the light or heat at Mercury, compared with that of the 
earth? . 

A. It is about s€iyen times as great. 

Q. What is elongation ? 

A. It is the apparent distance of any planet from the 
eujtt. . 

Q. What b the greatest elongation of; Mercury ? 

A. 30 degre^ ; which may be either east or west of 
the sjm. 

Q. Why i8^)l|^uj^J neerer seen in superior conjunction ? 

jS. Because it is so much involved in the light of the 
iBun. 

Q. Does Mercury experience any change of seasons ? 

Jl. It does not, because its axis is perpendicular to its 
orbit. This causes the sun to be continually vertical 
at the equator. 
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LESSON xviir. 

VEITD'S. 
Question. What planet is next to Mercury? 

Answer. Venus. 

Q. What is the diameter of Venus ? 

A. 7,700 miles. 

Q. What is its distance from the sun ? 

A. 68 millions of miles. 

Q. What is its magnitude compared with the earth ? 

A. It is about ^ of the earth's magnitude. 

Q. • What is the specific gravity of Venus ? 

A. It is 5 times the weight of water. (6.068.) 

Q. In what time does it revolve on its axis ? 

A. In about 23* hours. (23h. 21m.) 

Q. In what time does it 'revolve around the sun ? 

A. In 224 days. (224d. 16h. 41m. 27s.) 

Q. How fast does it move in its orhit around the son ? 

A. It moves 75,000 miles an hour. 

Q. What is the comparative light or heat at Venus ? 

A. It is about double that of the earth. 

Q. What is the greatest elongation of Venus ? 

A.^ About 47 degrees. 

y. When is Venus a morning star ? 

A. When it is west of the sun, and rises before it. 

Q When is it an evening star ? 

A When it is east of the sun, and sets after it. 



Q. How long is Venus a morning or an evening star, alternately? 

A. About 290 days. 

Q. Why is Venus a morning or an evenjpg star 66 days longer th^n 
the time of its revolution aroiyid the sun ? 

A. Because the earth is moving around the sun the 
same way. 

[See diagram. If we suppose Venus to he in conjunction, or be- 
tween the earth and sun, as they move the same way, Venus will move 
half around the sun, or 180 degrees, while the earth moves only 110 
degrees. Venus will during this time be a morning star, and when 
Venus has completed its revolution around the sun, the earth will have 
passed through* 220 degrees of its orbit, and Venus will still continue 
a morning star, although it has made a complete revolution around the- 
sun. It will therefore have to make one complete revolution and 103 
degrees over,* before it can be seen on the other side of the sun; it 
will then be an evening star for the same length of timie. J 



LESSON XIX/ 

Question. How iimeh is the axis of Venus inclined to thatof its orbit? 

Answer. 75 degrees. , 

Q. When the north pole of Venus inclines directly towards the son, 
how many degrees will the axis point above the sun ? 

Ai Only 15 degrees. 

Qi How wide a torrid zone does this make ? 

A. 150 degrees — ^75 degrees on each side of the 
equator. 

Q. The tropics are withlii how many degrees of the poles ? 

A. Within 15 degrees. 

Q. The polar circles are within how many degrees of the equator? 
^.15 degrees. 

Q. What is the diameter of the polar circles ? 

A. 150 degrees. 

Q. Has Venus any variation of seasons ? 

A. She has two summers and two winters at the 
equator, and a summer and winter at each of the poles, 
during the year. 

Q. How does Venus appear when viewed with a teleeccqpe? 

A. She exhibits phases similar to those of the Bioon, 

Q. How are conjunctions divided ? 

A. Into inferior and superior. ■ - 

Q. When is a planet in inferior conjunction ? 

A. When it is between the earth and sun. 

Q. What planets have inferior conjunction ? 

A. Mercury and Venus; also the moon. 

Q, When is a planet in superior conjunction ? ,'•'' 

A. When it is beyond thifei sun. , . '"^ 

Q. What planets have superior conjunction ? 

A. All, except the earth. 

Q. When is a planet in opposition to the sun ? 

A. When it is on the opposite iBide of the tertisu 

Q. What planets have opposition^'* 

A. The superior planets. 

Q. What apparent motions. have the planets ? 

A. Three ; direct, stationary, and retrc^rade. 

Q. When does a planet's motion Appear to be direct ? 

A. When it appears to move nrom west to east among 
the stars. 

Q. When 10 a planet's motion said to be stationary . 

A. When it is moving directly towards or from the 
earth, 

Q. When is a planet's modem said to be retrograde ? 

A. When it appears to move backwards, or from east 
to west among the stars. 
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Bkviskd !uid Improved from Notes and Manuscripts of the New Discoveries', which have been made fo the iirenent date 
(I860), furnished by Prof. Newcomb, of the Astronomical department at Cambridge. Mass. 
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LESSON XX, 

EABTH, DEFINITIONS, Abo. 
Question, What is the shape of the earth ? 

Answer. It is round like a globe or ball, a. little flat- 
tened at the poles. 

Q. How do we know the earth to be round ? 

A. Ist Navigators have sailed round it, by a con- 
tinued westerly or easterly course- — 2d. The top-mast 
j of a ship coming in from the sea, always appears first. — 
I Sd. The earth's shadow upon the moon, in a lunar 
j eclipse, is circular. 

Q. In what manner do the inhabitants stand upon the earth ? 

A. They stand with their feet directed towards the 
centre of the earth. (See Diagram.) 

Q. What do you understand by the terms upward and downward ? 

Ai Upward is from the centre of the earth, downward 
is towards the centre of the earth. 

Q, What keeps the inhabitants, dbc, upon the sur&ce of the earth ? 

A. The attraction of the earth. 

Q, WJiat is the axis of the eardi ? 

A. It is the straight line round which it performs its 
daily revolution. 

Q, What are the poles of the earth ? 

A. They are the extremities of its axis. 

Q. What is the' equator ? 

A. It is a great circle, whose plane divides the earth 
into northern and southern hemispheres. 

Q. To what is the plane of the equator perpendicular ? 

A. It is perpendicular to the earth's axis, and equi- 
distant from the poles. 

Q. What is the meridian of a piaee on the earth ? 

A. It is a great circle passing through the place, and 
the poles of the earth. 

Q, Into what does the plane of the meridian diyide the earth ? 

A. Into eastern and western hemispheres. 

I Q, What is the latitude of a place on the earth ? 

A. It is its distance from the equator, north or south. 

Q,'' On what is it measured ? 

A. On a meridian. 

Q* How far is latitude reckoned ? 

A. Ninety degrees. 

Q, What places have 90 degrees of latitude ? 

A. The poles. 



LESSON XXI. 

Q, Which is the first meridian ? • 

A. It is the meridian from which longitude is reck- 
oned. 

I Q, Which meridian is generally used in this country as the first 
meridian? 

A The meridian of Greenwich, or that of Washington. 

Q. What is the lone^itude of a pli^ce on the earth? 

A. It is its distance east or west of the first meridian. 

Q. What ansle expresses the longitude of a place ? 

A. The angle between the meridian of the place, and 
the first meridian. 

Q. Where is this angle formed ? 

A. At the poles, where the meridians intersect each 
other. 

Q, On what circle is this angle measured ? 

A. On the equator. ' 



Q, How far is terrestrial longitude reckoned ? 

A: It is reckoned 180 degrees, or half round the earth. 

Q. What is the horieon ? 

A. It is a great circle which separates the visible 
heavens from the invisible. 

Q. How many horizons are there ? 

A. Two ; the visible and the rational 

Q. What is the visible or sensible horifeon ? 

A. It is that circle where the earth and sky appear 
to meet 

Q. What is the rational horizon ? 

A. It is a great circle, parallel to the visible horizon, 
whose plane passes through the centre of the earth. 

Q. Into what does it divide the earth ? 

A. Into upper and lower hemispheres. 

Q, Ja the rational horizon aebove or below the visible horison 7 

A. It is below the visible horizon. 
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LESSON XXII. 

Q. Do all places on the earth have the same horizon ? 

A. They do not ; if we change our place on the earth, 
the horizon changes. 

Q. What are the poles of the horizon ? ' 

A, The zenith and nadir. 

Q. What is the zenith ? 

A. It is that point in the heavens directly over our 
heads. * 

Q. Do all places have the same zenith ? 

A. They do not ; every place has a different zenith. 

Q. What is the nadir ? 

A. It is that point in the heavens which is opposite to 
the zenith, or directly under our feet 

Q, Are the zenith and nadir fixed points in the heavens ? 

A. They are not; they maKe a complete revolution 

in the heavens every 24 hours. 

Q. What is the altitude of a heavenly body ? 

A. It is its height or distance from the horizon. 

Q, What is the altitude of the star at A ? (See Diagram.) 

A. It has no altitude, being in the horizon. 

Q. What is the altitude of the star at B ? also at C ? (See Diagram.) 
Q, What is the polar distance of a heavenly body ? 

A. It is its distance from the pole. 

Qi What is the polar distance of the star at D ? also at £, and F ? 
(See Diagram.) 

Q, Who are the antipodes ? 

• A. Those who live on directly opposite sides of the 
earth. 

Q. Who are the antceci ? 

A. Those who live in equal latitude, on directly ojppo^ 
site sides of the equator. 

Q, Who are the perioeci ? 

A. Those who live in equal latitude on opposite siSbt 
of the pole. 

Q. What peculiarity of circumstances have the antipodes ? 

A. They have opposite latitude, seasons, longitude, 
and day and night 

Q, What have the antoeci ? 

A. They have opposite latitude and seasons, but tiie 
same longitude, and day and night 

Q. What have the perioeci ? 

A. They have the same latitude and seasons, but 
opposite longitude, and day and night 
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TO THE REVISED EDITION. 
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Twelve jeaxB have elapsed since the publication of this Illustrated Astrtmomy ; during this time many new planets or Asteroids have been 
discovered ; a notice of which will be found in its proper place ; also a notioe of Professor Bond's new theory in regard to Saturn's rings. 

The favor with which this work has been received by teachers and the public generally has far exceeded the author's expectations, it having 
run through fifteen editions since its publication. It has been thoroughly revised, and the new discoveries are brought up to the present date; 
five new Ulustratlons have been added, and a new set of Electrotype plates have been procured at a great expense, which give a very distinct 
and beautiful diagram. . • 

It has been the object of the author of this Illustrated Astronomyy to present all the distinguishing principles in physical Astronomy with as 
few words as possible ; but with such ocular demonstrations, by way of diagrams and maps, as shall make the subject easily understood. The 
letter press descriptions and the illustrations will invariably be found at the same opening of the book ; and more explanatory cuts are given, and 
at a much less price than have heeh given in any other elementary Astronomy. 

This work is designed for common schools, but may be used with advantage as an introductory work in high schools and academies. In the 
preparation of these pages, most of the best works in our language have been consulted, and the best standard authorities, with regard to new 
discoveries and facts, have governed the author's decisions. 

The Diagrams, which are larger and more fnll than those of any other work adapted to common schools, are most of them original in their 
design, and exhibit the positions and phases of the planets in their orbits. The drawings being upon the principle of* perspective, exhibit the 
inclinations of their several axes to the planes of their orbits more correctly than has hitherto been done in any other popular work. It is xell 
to intimate to the young elementary student, who has made himself somewhat acquainted with the sublime mechanism of the solar system, that 
there is something more magnificent beyond. Accordingly the author has given a few Sidereal Maps, just to awaken in the young astronomer 
the amazing conception, that unnumbered suns and revolving worlds occupy the depths of space far beyond the confines of our planetary sys- 
tem. By these maps he will be able to learn the relative positions of the principal constellations and stars, which will be found useful and 
interesting to him in subsequent inyestigations of the ennobling truths of mathematical Astronomy. 

The author is not so vain as to suppose that he has been able to present to teachers a faultless work ; but in his own practice, finding* it tedi- ; 
ous and oflen difficult to explain all the representable phenomena of the jicience on the bhck^ward, and finding also a general concurrence of 
opinion among teachers most interested in the study of Astronomy, that a cheap, compact, and illustrated work is necessary in our oommoii 
schools, he has attempted the production of such a work. The success of the work and the favor with which it has been receiv^i suffiji^ently 
prove its superiority over all other works for the instruction of pupils in the general outlines of the science of Astronomy, and saiisfies the 
author that he has not labored in vain in the production of this wcnk. 

Objections which are sometimes urged against questbns and answers, in an elementary work, wiU not, the author hopes^ be urged' in this 
case, as the pupil has the subject, fhlly illustrated, continually before the eye, while he is learning his lesson. 

To the teachers, of our common country, this work is most respectfully dedicated, in the sincere desire that the cause of education may^ be/ 
benefited, and the labors of instruction m Astronomy may be rendered more easy and pleasant, fi:^m the illustrations it contains. 

ASA SMITH, Farmer Frindpal of Public School, No. H, 

Seventeenth Street, iiear Eighth Avenue, City of New York. 
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LESSON XXIII. 

BABTH AND SEASONS. 
QuetHon. What is ihe shape of the earth ? 

Answer. It is round like a globe or ball, a little flat- 
tened at the poles. 

Q. What is its position in the solar system ? 

A. It is the third planet from the sun. 

Q What is the mean diameter of the earth ? 

A. 7,912 miles. [Equatorial diameter 7,926 miles; 
polar diameter 7,899 mUes.] 

Q. How much greater is the equatorial than the polar diameter ? 

• A. About 27 miles. 

Q. What causes the equatorial diameter to be neater than the polar ? 

A, It is caused by the revolution of the earth on its 
axis. 

[As the greater portion of the surfa^ of the earth is covered with 
water ;*and- as the earth revolves on its axis, the water recedes from 
the poles towards the equator, until its tendency to run back towards 
the poles, just balances the effects of the centrifugal force. - This 
causes the equatorial diameter to be greater than the polar. ' If the 
earth should^stop revolving on its axis, the water at the equator would 
settle a^j^-t^nards the poles, until the earth had assumed the form of 
a glob^rfi^near. Its, possible. ' Thus large |>ortionS'qf- land in the torrid 
zone, wl^ch, are now. covered by the ocean, wotM'be 4eft dry, and new 
oontinentB and idands would befcHUMd.] 

Q. What is the mean dirtance' of the earth' from the sun ? 

A. About 96i000;000 of miles. 

prhe mean distance of a planet, is half the sum of its greatest and 
Isast distances.] 

Q. What is the specific gravity of the earth ? 

A. It is 5i times the weight of water. (6.48.) 

Q. In what time does the earth revolve on its axis, or perform its 
diurnal revolution ? 

A. In 24 hours. (In 23 hours 56 minutes ; as seen 
from the stars.) 

Q. Which way does it revolve ? 

A. From west to east 

Q." What causes day and night ? 

A. The light of the sun causes day, and the shade of 
the earth causes night. 

- Q. How great a portion of the earth is continually in the light of 
the sun ? 

A. One half; the other half being in the shade of 
the earth. 

Q. What does the revolution of the earth upon its axis,- cause ? 

A. The succession of day and night ; V 



I XESSON XXIV. 

Question. As the earth turns upon its axis, what. effect is produced? 

A^^swef. The stm is continually rising to places in the 
west, and continually setting to places ii^ the ^t 

iQ. In what time does the earth revolve around the sun, or perform < 
its annual revolution ? • 

A. In 365 days 6 hours. 

Q. How fast does it move in. ks. orbit around the sun? 

A, 68,000 miles an hour. 

Q. II ow are the changes df the seasons caused ?. 

A, They are caused by the earth's axis being inclined 
to that of its orbit, and its revolution around the sun. 



Q. How many degrees is the earth's axis inclined towards its 
orbit? 

A Twenty-three degrees and a half. (23* 27^) 

Q. Is the direction of the earth's axis changed during the year ? 

A. Its change is so slight that it may be considered 
as pointing to the same place in the heavensv 

Q. When does the north pole lean directly towards the sun ? 

A. On the 2l8t of June, called the summer solstice. 
(See Diagram ) 

Q. Ho'w many, degrees does it lean towards the sun ? 

A. 23i' degrees; and the sun is vertical 23^ degrees 
north of the equator. 

Q. What seasons does this produce ? 

A, Summer in the northern hemisphere, and winter 
in the southern. 

Q. When does the north pole lean directiy from the sun ? 

A. On the '22d of December, called the winter sol- 
stice. (See Diagram.) 

Q. When the north pole leans from the sun, what are the sea- 
sons? 

A. Winter in the northern hemisphere,. and summer 
in the southern. 



LESSON XXV. 



Question. At what points of the ecliptic is the eiuihat the tone of 
the solstices ? - 

Answer. At the solstitial points. 

•Q. Through how much of its orhit does the earth pass, in naib^g 
from one solstitial point to the other ? 

A. One half of its orbit, or from one side of the sun 
to the other. 

Q. What are those two points called half way between the solstitial 
points? * 

A. The equinoctial points. (See Diagram.) 

Q. Why are they so called ? 

A. Because when the earth is in these points, the 
sun is vertical at the equator, and the days and nights 
are every where equal. 

Q. When is the sun at the vernal equinox ? 

A. On the 21st of March. 

Q. When is it ajt the autumnal equinox ? ' , 

A. On the 23d of September. 

Q. Which way does the pole lean when the earth is at the equinoc- 
tial, points? "" 

A. It leans sideways to the sun, the. sun being verti- 
cal at the equator. 

•Q. When the north pole leans fbwards the sun, why is summer 
produced in the northern hemisphere ? 

A. Because the rays of the sun strike it so directly as 
to cause many rays to fall on a given surface. 

Q. When the north pole leans frx>m -the sun, why is wint^ pto- 
duced in the northern hemisphere ? 

A. Because the rays of thfe sun strike it so obliquely, 
that they spread over a greater surface. 

Q. At what points do the ecliptic and equinoctial interseoi eaoh 
other ? 

A. At the equinoctial points. (See Diagram.) 

Q. How far are the solstitial points from tiie equator ppints ? 

A. Ninety degrees. 
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AifiBOIiITES, METEOB8, Sio. 
Questiaiu What are meteors ? 

Answer. They are luminous bodies seen in the night 
shooting through the heavens, 

Q. What are they usually called ? 

A. Shooting stars^ and sometimes fire-balls. 

Q. What is an aerolite ? 

A. It is a stone falling from the air. 

Q. Have stones ever been known to fall from the air ? 

A. They have, and in great numbers. (See Table.) 

Q. How did Laplace, Olbers, and other astronomers accoupt for 
the falling of these stones ? 

A. They believed that they were ejected from vol- 
canoes in the moon, beyond the moon's attraction, and 
therefore attracted to the earth. 

Q. How did they account for the meteors f 

A. They believed them to be gaseous matter col- 
lected in the upper regjlons, and ignited by some un- 
known cause. 

Q. What is the present theory, in regard to aerolites and meteors ? 

A. Astronomers believe that they have the same 
origin. 

Q. Do all^ meteors produce stojaes which fall to the earth ? 

A. They do not; very few of them are of suffi- 
cient density to reach the earth before they are 
consumed. 

Q.- Do these meteors originate in our atmosphere ? 

A. The most of them have their origin far beyond 
our atmosphere. 

Q. What is the present theory of meteors ? 

A. Astronomers maintain that the planetary regions 
contain detached portions of chaotic and uncon- 
densed matter, and that the earth in its orbit fre- 
quently meets with such masses. 

Q. What effect would be produced by such contact ? 

A. The matter in its passage through the atmos- 
phere would suddenly be ignited and the gaseous 
portion consumed,, and the mineral portion, if any, 
would be condensed and precipitated to the earth in 
the form of a stone. 

Q. What is a peculiar characteristic of* meteoric stones ? 

A. They are all composed of the same minerals and 
nearly in the same proportions, and are unlike in their 
proportioXis to any minerals found on the earth. 

Q. What does this fact prpve ? 

A. It conclusively proves that they have a common 
origin. 

Q. When was the greatest meteoric display ever known ? (See 
Note 2.) 

A. On the night of the 12th and 13th of November, 
1833. 

Q. Wliat was the altitude of the meteors on this occasion ? 

A Professor Olmstead says they were not less th^n 
2238 miles above the earth. 



Subttamet. 



Sbower of itones 
Shower of atones 
Shower of IroD 

Shower of mercury 
Large stone 

Three large stones 
Shower of fire 
Stone of T2 lbs. 
Al)ontl200stoneft— oneof 120 \ 

lbs., another of 60 lbs. j 
Another of 60 lbs. 
Ghower of Sand for 16 honrs 
Shower of sulphur 
Snlphnrous rain 
The same 
Shower of sulphur 
Shower of unknown matter 
Two large stones, weighing ) 

20fbe. / 

A stony men 
A stone of 7 1-2 lbs. 
A stone 
A stone 

Extenslre riiower of stones 
About 12 stonee 
A Urge stone of 56 lbs. 
A stone of about 20 lbs. 
A stone of 10 lbs. 
Shower of stnnee 
Shower of stones 
Mam of iron, 70 cubic feet 
Mass of iron, 14 quintals 
Shower of Rton<>s 
Largti stone of 260 lbs. 
Two 8tunc!^ 200 and 300 lbs. 
A stone of 20 lbs. 
Several atones from 10 to 17 lbs. 



At Rome 
At Rome 
In Lncanlft 

In Italy 

Near the riTer Negos, Thrace 

In Thrace 

At QuesDoy 

Near Larlsea, Macedonia 

Near Padua, Italy 

On Mount Vaster, Prorince 

In the Atlantic 

Sodom and Gomorra 

In the Duchy of Mansfield 

CopenbRRon 

Brunswick 

Ireland 

Lipouas, In Brease 

Nlort, Normandy 

At Lnce, in Lo Maine 

At Aire, in Artois 

In Ia> Cotentin 

KuTirons of Agen 

Sienua, Tuscany 

Wuld Cottage, Yorkshire 

Sale, Department of the Rhone 

In Portugal 

Benores, Kast Indies 

At Plann, near Tabur, Bohemia 

America 

Abakauk. Silieria 

Barboiitun. near Roinicfort 

Ensivheim, UpjN'r Ilhioe 

Near Verona 

Sules, near Vllle Fntuche 

Near LMigle, Nnnnandy 



Under Tnllns HostiUns. 
Consuls 0. Mart, k Tbrquatni. 
Year before the deflhat of 
CrasBos. 

Second year of the 78th Oljm- 

plad. 
Year befora J. 0. 46SL 
January 4, 1717. 
January, 1706. 

In 1610. 

Norember 27, 1027. 
April 6, 1719. 

In 1658. 
In ir46. 
October, 1721. 
In 1695. 

S«pten)ber, 1758. 

In 1750. 

September 18, 1768. 
In 1768. 
In 1768. 
July M, 171N). 
July, 1794. 
December 18, 1795. 
March 17, 1768. 
February 19, 1796. 
December 19, 1798. 
July 3. 17 A3. 
April 5. 18U0. 
Very old. 
July, 17R0. 
Xovf;mlH?r 7, 1409. 
In 17«2. 
March Ifi, 17$<8. 
April 26, 1HU3. 



NOTE. 

One of the in8tanc(^8 in the table is of sufficient interest to deserre a notice. 

A singular relation respecting the stone of Endsheim on the Rhine, (at whSoh 
philosophy once smiled inoredulously, regarding it as one of the romances of the 
middle ages,) may now be admitted to sober attention as a piece of authentic history. 
A homely narrative of its fall was drawn up at the time by order of the emperor Max- 
imilian, and deposited with the stone in., the church. It may thus be rendered :— *' In 
the year of the Lord 1492, on Wednesday, which was Martinmas eve. the 7th of 
November, a singular miracle occurred ; for, between eleven o'clock ana noon, there 
was a loud clap of thunder and a prolonged confused noise, which was heara at a 
great distance ; and a stone fell fVom the air. in the jurisdiction of Ensisheim, which 
weii^hed two hundred and sixty pounds, and the confused nnse was, besides, much 
louder than here. Then a chila saw it strike on a field in the upper jurisdiction, 
towards the Rhine and Inn, near the district of Giscano, which was sown with wheat, 
and it did no harm, except Uiat it made a hole there ^ and then they conveyed it from 
that spot ; and many pieces were broken from it, which the landvoet forbade. They, 
therefore, caused it to be placed in the church, with the intention of suspending it as a 
miracle ; and there came here many people to see this stone. So there were remarka- 
ble conversations about this stone ; but the learned said that they knew not what it 
was ; for it was beyond the ordinary course of nature that such a large stone should 
smite the earth from the height of the air ; but that it was really a miracle of Ood; for, 
before that time, never anything was heard like it, nor seen, nor described. When 
they found that stone, it had entered into the earth to the depth of a man's stature, 
which every body explained to bo the will of God that it should be found ; and tiie 
noise of it was heard at Lucerne, at Vitting, and in many other places, so loud that it 
was believed that houses had been overt!imed ; and' as the King Maximiliftn was here 
the Monday after St. Catharine's day of the same year, his royal Excellency ordered 
the stone which had faUen to be brought to the Castle, and, after having conversed a 
long time about it with the noblemen, he said that the people of Ensisheim shotdd take 
it, and order it to be hung up in the church, and not to allow any body to take anything 
from it. His Excellency, however, took two pieces of it ; of which he kept one, and 
se^t the other to the Duke Sigismund of Austria : and they spoke a great deal about 
this stone, which they suspcnaed in the chnir, where it still is ; and a great many peo- 
ple came to see it." Contemporary i^-riters confirm the substance of this narration, 
and the evidence of the fact exists ; this aerolite is precisely identical in its chenucai 
composition with that of other meteoric stones. It remained for three centuries sus- 
penaed in the church, was carried off to Colmar during the French revolution ; but 
has since been restored to its former site, and Ensisheim rejoices in the possession of 
the relic. 

NOTE 2. 

■ • 

Wo now come to by far the most splendid display on record ; and as it was the third 
in successive years, and on the same day or the month, it seemed to invest the 
meteoric showers with a periodical cbara'cter; and hence originated the title of 
November meteors. An incessant play of dazzlingly brilliant meteors was kept up in 
the heavens for several hours. Some of those were of considerable magnitude and 
peculiar form. One of large size remained for some time almost stationary in the senith, 
over the Falls of Niagara, emitting streams of light. The wild di^h of the waters, as 
contrasted with the fiery uproar alwve them, formed a scene of unequalled sublimity. 
In many districts, the mass of the population were terror-struck, and the more enlight- 
ened were awed at contemi^ting so vivid a picture of the Apocalyptic image — ^that of 
the stars of heaven falling to the earth, even as a fig-tree casting her untimely ^s, when 
she is shaken of a mighty wind. A planter of South Carolina thus describes ue effect 
of the scene upon the ignorant blacks : — " I was suddenly awakened by the most dis- 
tressing cries that ever fell on mj cars. Shrieks of horror and cries for mercy I could 
]iear from most of the negroes or three plantations, amounting in aU to about six or 
eight hundred. While eamestiy listening for the cause, I heard a faint vmce near the 
door calling my name. I arose, and taking my sword, stood at the door. At tills 
moment, I heard the same voice still beseeching me. to rise, and saying * my GhML 
the world is on fire.' I then opened the door, and it is difficult to say which exdted 
me most — the awfulness of the scene, or the distressed cries of the negroes. Upwards 
of one hundred laj prostrate on the ground— some speechless, and some with tne bit- 
terest cries, but with their hands raise<l, imploring Ood to save the world and them. 
The scene was truly awful ; for never did ram fall much thicker than the meteors fell 
towards the earth ; east, west, north, and south, it was the same." 
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LESSON XXVI. 

MABS. 

Question. What is Mars ? 

* 'Answer. Mars is the fourth planet from the sun. 

Q. What can you say of its size ? 

^. It is the smallest except Mercury and the asteroids. 

Q. What is its diameter? 

J. 4,189 miles. 

Q, What is its distancie from the sun ? 

^, 142 millions of miles. 

Q. What is its magnitude ? . 

J?. It is about one seventh of the size of the earth. 

Q. What is the specific gravity of Mars? 

^. It is about five times the weight of water. (5.19.) 

Q. In wliat time does it revolve on its axis ? 

A. In about 24* hours. (24h. 39m. 22s.) 

jQ. In what time does it revolve around the sun ? 

Jl. In one year, 321 days. 

Q. How fast does it move in its orbit ? 

Jl. 55,000 miles an hour. 

» 

Q. How many degrees does the axis of Mars lean towards its orbit ? 

Jj. About 30 degrees. (30* 18'.) (See Diagram.) 

Q. Does Mars have any change of seasons ? 

j1. The seasons are similar to those of the earth, but 
nearly twice as long. 

Q. Wliy are they longer*? 

^. Because Mars is nearly two of our years in revolv- 
ing around the sun. 

Q. What is the appearance of Mars when seen with the naked eye ? 

A, It appears of a red, fiery color. 



LESSON XXVII. 

Q. How does Mars appear when viewed with a telescope ? 

Jli Outlines of apparent continents and seas, are dis- 
tinctly seen. 

Q, What appearance have the continents ? 

^. They have a ruddy color, arising probably feom 
the nature of the soil. 

Q, Of what color are the seas ? 

Jl, They appear of a greenish color, caused no doubt 
by contrast with the red color of the continents. 

Q. Does !Mars pr«?>ent different phases ? 

^. It sometimes ai)pears gibbous. 

Q. When does a planet appear gibbous ? 

A. When we can see more than half, but not the 
whole, of the illuminated surface. 

Q, Does Mars ever ai)pear horned like the moon ? 

^^. It does not, because it does no,t pass, between us 
and the sun. 

Q, "Wlmt other appearances does Mars exhibit when viewed with 
a telescope ? 

^, Bright spots are seen alternately at the poles. 

Q. When do these spots appear? 

A. When it is winter, or continual night at the poles. 

Q. What is supposed to be the cause of these spots ? 

Jl. Snow and ice, which has accumulated at the poles 
during winter. 



Q. Do these spots continue through the year?. 

^. They entirely disappear as the summer advances 
upon the poles. 

Q. What amount of light and heat has Mars ? 

Jl. It has about half as much as the earth. 



A8TEBOID8* 
Question. What are the asteroids f 

Answer. They are small bodies between the orbits of 
Mars and Jupiter. . 

Q. How many are there ? 

A. Fifty-seven is the number known -at present, 

(I860.) 

Q. What is their magnitude ? 

A. They are very small. 

Q. Are all their orbits jn the same plane ? 

A. They are not. Their orbits intersect each 
other in many points,: — See diagram. 



NOTE. 

Astronomen In comparing the distances of the planets, found that there waa a 
great distance between Mars and Jupiter which did not coincide 'with the uniform- 
ity exhibited by tlie other phinets. This led them to suspect that there was an uddia- 
corered planet circulating in that region, and Baron de Zach went so far as to dUcu- 
late in 1784-5, the orbit of .this ideal planet. So confident were astronom^'of 
the existence of a planet, that in 1800, six astronomers, of whom Baron de l^ach 
was one, assembled at LiUenthal, and formed an association of twenty- four ob- 
servers, the principal object of which was to use their own language *' to force this 
planet from the regions of analogy into the realms of sense ; " but before they had 
got fully organized, Piazza discovered Ceres ; after another year Olbers discovered 
Pallas, and Juno and Vesta were brought in at intervals of a few years. The i^arch 
continued fruitless for ten years, it was fairly concluded that this region was exhaust- 
ed. In consequence of the discovery of four small planets instead of one large 
planet, the new and somewhat novel idea was advanced by Dr. Olbers, that 'these 
bodies were originally united in one planet ; but by some internal explosion had been 
blown in pieces. 

This theory has been fully discussed by astronomers from that time to the peflent^ 
(1860) And is discarded by astronomers generally, in consequence of the discovery of GA 
new asteroids since 1845. 
. The following is a list of the names of the asteroids, and date of discovery. 



Number and Name. iDote of Discovery 



Ceres 

Pallas 

Juno 

Vesta 

Astraia 

Uebe 

.ins ..... • > 

Flora 

Metis ;. 

Hygea 

Partbenope: 

Clio. 

Egeria. . . . 

Irene . . . . 

Ennomia. . 

Psyche. . . . 

. .Th>Ua..... 

".Melpomene 

-•^Kortuna. . . 

Massiliii. . . 

Lutetia . . . 

Calliope.. . 

Tlialia .... 

Tliemis. . . . 

Phoccea . . . 

Proserpina 

Euterpe. . . 

Belloiia . . . 

Amphitrit« 



1801, 
1802, 
1804, 
1807, 
1845, 
1847. 
1847, 
1847, 
1848, 
1849, 
1860, 
1850, 
1850, 
1851, 
1851. 
1852, 
1852, 
1852, 
1852, 
1852, 
1852, 
1852, 
1852, 
1853, 
1853, 
1858, 
1863. 
1854, 
1864, 



Jan. 1. 
Mar. 28. 
Sep. 1. 
Mar. 20. 
Dec 8. 
Jtily 1. 
Aug. 13. 
Oct. 18. 
April 26. 
April 12. 
May 18. 
Sept liJL 
Nov. 2. 
May 20. 
July 29. 
Mar. 17. 
April 17. 
June 24. 
Aii^. 22. 
SepU 19. 
Nov. 16. 
Nov. 16. 
Dec. 15. 
April 6. 
April 6. 
May 6. 
Nov. 8. 
May 1. 
Mat. 1. 



Number and Name. Date of Discovery. 



(80) 
(31) 
(82) 
(83) 
(»4) 
(86) 
(36) 
(37) 
(88) 
(39) 
(40) 
(41) 
(42) 
(43) 
(44) 
(«) 
(46) 
(47) 
(48) 
(49) 
(60) 

(51) 
(52) 

(68) 
(64) 
(56) 

(M) 
(6'7) 



Urania. 

Euphrosyne 
Pomona. . . . 
Polyhymnia 

Circe 

Leucothea... 
Atalanta. . . 

Fides 

Leda 

LsBtitia .*. . . 
Uarmonia. . 
Daphne. . . . 

Isis 

Ariadne 

Nysa. 



Hestia 

Aglaia 

Doris 

Pales 

Vergiiiia. . . 
Nemausa. . . 
Europa . . . . 

Calypso 

Alexandra. . 

Pandora 

Melete 

Mqemoayne 



1824, 
1864, 
1854, 
1854, 
1865, 
1866, 
1865, 
1855, 
1866, 

1856; 

1866, 
1856, 
1866, 
1857, 
1857, 
1867. 
1857, 
1857. 
1857, 
1857, 
1857. 
1868, 
1858, 
1868, 
1868, 
1868, 



July 22. 
Sept 1. 
Oct 26. 
Oct 28. 
April 15. 
April 19. 
Oct 6. 
Oct 6. 
Jan. 12. 
Feb. 8. 
Mah 81. 
May 28. . 
May 28. 
April 16 
May 27. 
June 27.^ 
Aug. 1«, 
Sept l6. 
Sept 19. 
Sept 19. 
Oct 4, 
Jan. 22. 
Feb. 4. 
April- 4. 
Sept 11. 
Sept^lt 
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LESSON XXVIII. 

JUPITEB. 
Qiuistion. What is Japiter ? 

Answer. Jupiter is the largest planet iu tht solar 
system. 

Q. How many times larger is Jupiter than the earth ? 

A. It is 1,280 times greater. 

Q. What is the specific gravity of Jupiter ? 

A. It is about 1? times the weight of water. (1.30.) 

Q. How far is Jupiter from the sun ? 

A. 485 millions of miles. 

Q. What is its diameter ? 

A. 87,000 miles. 

Q. Which diameter is the greater, the polar or equatorial. 

A. The equatorial diameter is 6,000 miles greater 
than the polar. 

•Q. What causes the equatorial diameter so much to exceed the polar? 

A. The quick rotation of the planet upon its axis. 

Q. In what time dpes it revolve upon its axis ? 

A. In about 10 hours. (9h. 55m. 50s.) 

Q. Li what time does it revolve around the sun ? 

A. In eleven years, 314 days. 

Q. How fast does it move in its orbit around the sun ? 

A. 30,000 miles an hour. 

Q. How many moons has Jupiter ? 
A.- Four. . • 

Q. What is their magnitude ? 

A. They are about the size of our Moon. 

Q. Who first discovered them ? 

A. Galileo, the inventor of the telescope in 1610. 

, Q. How are the orbits of these Moons 'situated ? 

. A, They are directly over his equator. 

y. Do these moons frequently eclipse the Sun ? 

A. They do at each revolution around the Sun. 

Q. Wliat great discovery was made by observing these eclipses ? 

A, The velocity of Light. (Note.) 

Q. Has Jupiter any change of seasons ? 

A, It has no change of seasons. 

Q, Why do its seasons not change ? 

A. Because its axis is nearly perpendicular to the 
plane- of its orbit, which causes the sun to be always 
vertical at the equator. (See Diagram.) 

Q, How does Jupiter appear when viewed with a telescope ? 

A. Light and dark belts appear to surround it. (See 
Fig. 1 and 2.) 

Q. What are the light belts ? 

A. They are supposed to be clouds, which are thrown- 
into parallel lines by the quick rotation of the planet 
upon its axis. 

Q. What are the dark belts ? 

A. They are probably the body of the planet, seen 
between the clouds. 

Q, Do these belts always appear the same ? 

A. They change frequently, and sometimes the clouds 
break to pieces. (Sec Fig. 3.) 

Q, What is the velocity of its equatorial parts, in turning on its axis ? 

A. 25,000 miles an hour. 

Q» What amount of light and heat has Jupiter ? 

A. It has 27 times less than the earth. 
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WiTBDr a ftm monthi the inquiry has been itarted wltb flrMh.tnterwt^By jMm ohbj riao l| 
Bfttarn ■anoQndadi iui4 In what wmr are Uiete rini(« sugtained ? Short mkw two or fhrt* d lvMo M 
outalda of the centre of breadth. Hereehel the first, in 1T80, eaw a new -ditiiSop'iiear the laaer « 
edge. Ae thia. rapearenoe wae temporary, he thought that obcerratlon would not JneClft^ the np> 
poeltlon of mtiluple rings. Unee of demarcation were eeeo on both rings In 1818 and ifU. Qa^ 
telet WW the outer ring divided' in 1823. In 1825 and 1826 three divisions- were seen on the O^ar 
ring by Kater. In ISfr Kncke noticed that the outer ring wee divided, and that there weA etr- 
eral marlu near the inner edge of the inner ring. l)e Yi<n> hes j^ren an aooout of sereiml divi- 
sions eeen by him on both rings. In 1838 MTcral divisions were seen at Rome^ which an d escribed 
by Decuppis. In 1848 LasKeU and Dawee saw a division of the outer ring. Smyth givee an a^ 
count of the last case, and adds : " After rjcb unquefltiouablc evidence, thme can be no rsasoni. 
ble doubt of the outer ring's being multiple." On the 11 th of November, 1800, 0. P. Bond saw 
what he thought at the time a sect>nd division of the ring near the Inner edge of the Inner ring. 
On the 15th his &ther thought the nfl||| ring was wholly disconnected with the old, thongh ue 
edge next to the planet was better defined than the outer edge. Micrometric obeermtlons gavo 
Ibr the inner diameter of the inner division 26 '' 8, whereav, a<.mrding to Eneke, the inner diameter 
of the old inner ring should be at that time 29 " 8. From this it was inferred that the Uurge re- 
fimctor at Cambridge had revealed an entirely unknown and darker ring of Saturn, which was not 
to be confounded with the division of the old inner ring which had frequently been noticed. The 
outer edge of ttie new ring is 1"* 6 within the inner edge of any ring hitherto visible. This con- 
clusion was oonfinned by obeervattons continued fi>r several weeks. Similar appearances wera 
noticed on the 25th and 26th of November by Mr. Dawes, and afterwards bj lieMell of liwpool, 
and Schmidt of Bonn. 

On the 16th of April, 1861, 0. P. Bond communicated to the American Academy of Art8.aiid 
Sciences at Boston, a memoir on the rings of Saturn. After rehearsing the &ets already detailed 
in regard to extraordinary divlKions of the rings, he drawn attention to uio circnmstanoe tnat Other 
observers, as Strove, Bessel, J. F. W. Herachvl. and, we may add, Smyth, have seen only the nsnal' 
division, even with the best instruments, and under the most fiivorable drcumstancee. 'Here* 
over, the divisions on both rings are not always se<;n simultaneously: and Mie Oimbridge tele» 
oopo, which has brought to view a ring always before invisible, does not Indicate any of the un- 
usual divisions in th«two old rings. It seems a Justifiable conclusion ft-om all the fiicts, that Uiis. 
multiplicity of rings occasionally eeen, and the ikilure to discern more than two at other tiuMS^ • 
'are not referable to the dlfTerence of instruments, to the greater or less purity of the afar, or to 
the unequal skill of obeervers, but to a material fluctuation in the ring Itself. 

In a lecture publicly dellrered in Reading, Pennsylvania, on the 3d of January, 1861, Mr. 
Kirkwood made the following teroarks : — '* This givee rise to the interesting question whether the 
rings of S.tturn may not be the most recent cosmical formation within the limits of the solar sys- 
tem, and whether it may not, in the course of future ages, collect about a nucleus and constitute 
a satellite. The evidence of its solidity is not, I think, by any means conclusive. On the other 
hand, observations made within the last few years give a degree of plausibility to the preetuiption 
that it may be in a state of fluidity. I refer to the occasional appearance of dark lines, chiefly on 
the outer rings, which have been supposed to indicate a subdivision into several concentric an- 
null. They do not, however, appear to be permanent; at least they are sul^ect to some diaoge, 
as they are not always visible even when circumstances would seem nioet favorable." 

Such are the considerations which led Mr. Bond to rciject the idea of solid rings, and to sup- 
pose these appendages of Saturn to be fluid or semi-fluid. If this la the material, H is unnecessary 
to rappoee that the inner and outer snrtkces taiove round hi the same time. The velocity at every 
point may be such, that the centrifhgai and other forces balance each other. ** And even should 
an accumulation of disturbances, of which the abeenee of inequalities lessens the probability, 
bring the rings together^ the velodties at the point of contact will be very nearly equal, and the 
two will coalesce without disastrous consequvnces.** *' If in its normal condition the ring has but 
one division, as is commonly seen, under peculiar clrcnmstanccs It might be anticipated that the 
prseervation of theic equilibrium would require a separaliun in some regions of either the inner 
or outer ring; this ' would explain the fact of occasional subdivisions tH:ing seen. Their being 
Tislble but for a short time, and then disappearing to the most powerf^il telescopes, Is accounted 
fi>r by the removal of the sources of disturbance, when the parts thrown off would reunite.'* 

*^ Finally, a fluid ring, symmetrical in Its diroonsiouM, Is not of necessity in a state of unstable 
equilibrium, with reforeoce either tu Saturn or the other rings." 

At the meeting at Cincinnati of the American Association for the Advancement of Sdejice, 
Professor B. Peirce read a ni«moir on the constitution of Saturn's ring, containing the same 
general views wlilch he submitted to the Aniprican Academy of Arts and Sclencet* nt Koetc(n, on 
the 15th of April, 1851. Mr. Peirce arrives at the sume results l>y analysis as thoBC which Mr. 
Bond had derived from observations, illustmted and couibiued by his own ingenious computations. 
Mr. Peirce dlfTers in opinion from Laplace, in regard to the efficacy of an irrefniliur figtro in sus- 
taining Saturn's ring. lie considers this statement of Lsplact', which liis sm-oyj^ors have blindly 
adopt(M, as a carelees suggestion, and not the ripened fruit of birf usual ri^id examination.- ''I 
maintain," he says, '* uucon<Iitionnlly, that thert is no concf.hafiU form •/ irregularity, eonridenl 
with an aetmd ring, ip?iich woul/l serve to retain it permanently about the primary, if it were gf-Hd/* 

The stuliiiity of the ring does nut depend on the attraction exerted on it by the planet. 
In the circulation of the fluid annulus anuind Saturn, the velocity is least at the greatest dis- 
tance. Hence the matter accumulates at tlie most remote point of the lirii;, and to such an extent 
that the quantity of matter buIanco9 the ilistancf, and the attraction exerted by the ring and ih« 
planet on each other is the same in ov^ry directicn. The riu}r is huld t(»^other by the attraction 
of the primary ; but it is not sustained hn n whole by the primary. It is sustained by the satellites. 
The satellites disturb it, and HU.4tain it by a delicate cquiiifjise of disturl»ances. Something like 
thU resturative actiim had l»ecn hinted at by Sir J. F. >\ . UerKchf I. But the remedial power is in- 
soflleient to sustain a solid ring. It follows that no planet can have a ring unless richly provided 
with meniHls to hold it Saturn alone of all the planets seems comj*etent to preserve a ring when 
once beritowed. * 

Mr. Peirce concludes bis mem jlr with the following weighty paragraph : " Were the ring, 
however, 8uppoM;d to be a large gaseous niHHs of a cimilnr figure, the condensation which wnnld 
occur at the point of aphelion might easily lead to chemical action. Precipitation might ensue, 
and the necessary con!<equence would seem to be a continimlly accelerated accumnlution at this 
point, which would terminate in the formation of a planet. Under this roo<liflcAtiun. the nebular 
hyiHithesiii may pontiibly lie free fh>m some of the objections with which it has been Justly as- 
sailed. But in* approaching the forbidden limits of human knowledge, it is becoming to tread with 
caution and circumspection. Man's speculations sbonld be snl)duc'd from all ntshneas and extrav- 
agance in the immediate presence of the Creator." 

[The rings of Saturn have been considered by the most celebrated lAtronomera, Laplace, Stmve, 
Bessel, Sir William Herschel, J. F. W. Ilerschel, Smyth and others, as being solid bodies surroun'J- 
Ing the planet and of the same materials and density; but Mr. Q. P. Bond of Curabridse, and Pro- 
ftfsor Peirce, have advanced a new theory in regard to these rings, that they are a finid or semi* 
liquid matter. In regard to this novel Theory it is not considered by astmnoniors as folly estab- 
lished. We have not ad(^ted tills new theory in thto work, preferring to wait for a further de- 
monstration of it. We are howoter inclined to believe that the various phenomena are more 
easily ex|riained npon this hypothesis.^ — AirrHOR.] 
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NOTE. 

In 1076 it was obeerved by Roemer, a Danish Astronomer, that when the earth was nearest to 
Jupiter the eclipses of his satellites took place 8 minutes 18 seconds soener than the time ipedfled 
in the astronomical tables; but when the earth was farthest Arom Jupiter, the ecllpeee took plaot 
8 minutes 13 seconds too late, the difference being 16m. 36s. From this it appears that li taku 
light 16m. 26e. to pass across the earth's orbit, which to 190 millions of miles in diametai 19t 
millions of miles divided by 986 the number of seeonds In 16m. 26s. gives 192,607 mllsi as ih$ 
Telocity of light pm- second. 
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LESSON XXIX, 

SATURN. 

Quetftion. What is^ Saturn? 

Answer. It is th'e largest planet except Jupiter. 

Q. What id its magnitude compared with the earth 7 

A. It is about 1>000 times larger. 

Q. What is its specific gravity ? 

A It is about one half the weight of water. (0.56.) 

Q. What is the diameter of Sf^tum ? 

A. 79,000 miles 

Q. What is its distance firom the sun 1 

A. 890 millions of miles. 

Q. In what time does it revolve on its axis ? 

A. In about 104 hours. (lOh. 29m. 16s.) 

Q, In what time does it revolve around the sun 7 

A. In 29 years and a half. '(29y. 167d.) 

Q. How fast does it move in its orbit around the sun 7 

A. 22,000 miles an hour. 

Q. Is there anj^ change of seasons at Saturn 7 

A. There is, but it is very slow, as it takes nearly 
thirty of our years, to complete a year at Saturn. 

Q. How much does the axis of Saturn lean towards its orbit 7 

A. About 30 degrees. (28** 40',) (See Diagram.) 

Q. How long is it day and night alternately at the poles 7 

A. About 15 of our years. (See Diagram.) 

Q. What has Saturn which surrounds it 7 

A, Two large rings, which are probably fluid. (See 
Diagram.) 

Q. What is theii position around the planet 7 

A. They are directly over the equator. 

LESSON XXX. 

:Q. Do these rings revolve with the planet? 

A. They do, and in nearly the same time as the 
planet. 

Q, Are these rings connected with the planet or separate 7 

A. They are separate from the planet and from each 
other. 

Q. What IS the distance from the planet to the inner ring 7 

il. 19,000 miles. 

Q. How wide is the inner ring 7 

A. 17,000 miles. 

Q. How wide is th^ space between the rings? 

A. About 1,800 miles. 

Q. What is the width of the outer ring 7 

A. 10,000 miles. 

Q. How thick are these rings f 

A. About 100 miles. (Some say 1,000 miles.) 

Q. Are these rings uniform 7 

A. They appear rough and uneven. 

Q. How many satellites or moons has Saturn 7 

A. Eight. 

Q, What is the position of their orbits 7 

A. Their orbits, excepting one, are directly over the 
rings. (See Diagram.) 



Q. Does the sun always shine on thS'Sanie side of the rings? 

A. It shines upon each side alteriiately for fifteen 
years. (See Diagram.) 

Q. What amount of light and heat has Saturn 7 

A. It has 90 t^mes less than the earth. 

Q. What appearance has the disc of Saturn I 

A. It has dark belts similar to those of Jupiter. 



Saturn. 

According to heathen mythology, Saturn was the deity who pre- 
sided over time. He is sometimes represented as an old man, flying 
with wings attached to his back ; c^rrjring an hour-glass in one hand, 
and a scyithe in the other. These are very appropriate emblems of 
time ; the old man represents time, his flying admonishes us to improve 
every. moment as it comes, or it will be lost ; the hour-glass reminds 
us that our life, like the sand in the glass, will soon run out ; and the 

scythe, like time, 

" Cats down aU, 
Both great and small." 

Saturn is the 6th large planet from the sun, and the most remarica- 
ble ; it is next in order to Jupiter, and the most remote planet irbm the 
earth, of any that are visible to the naked eye. It may easily be dis- 
tinguished from the fixed stars by its pale, feeble and steady light. It 
is 890 millions of miles from the sun, and revolves around it in 29 
years 167 days ; so that its apparent motion among the stars is very 
slow, being only 12 degrees in a year. Saturn, besides being attended 
with eight moons, is surrounded by two large concentric rings, which 
are separate from each other, and .also from the planet. The matter, 
of which these rings are composed, is in all probability /?tit(f or even 
gaseous, and they are ob.<erved to cast a strong slutdow upon the 
planet itself. Saturn, in bulk, is about 1,000 times larger than the 
earth, and revolves on its axis in I Oh. 29m. 16s. This rapid motion 
upon its axis, causes it to be, like Jupiter, very niuch flattened at the 
poles. So that the equatorial diameter is to the polar, as 12 to 11. 
The rings of Saturn present a phenomenon, to which there is nothing 
analagous in the- rest of the solar system. These rings are very thin, 
one within the other, and directly over the equator. They revolve 
round in the same time with the planet, although they are detached 
from it. 

The axis of Saturn is inclined to that of it's orbit 28^ 40', and as 
the rings are in the plane of the equator, the axis of the rings has the 
same inclination. It will be seen from this, (see Diagram,) that the 
sun chines alternately for 15 years on one side of the rings, ttnd then 
upon the other ; so ^ that if we lived upon the rings, we should have 
continued day for 15 years, and then continual night for the same length 
of time. 

The rings of Saturn must prissent to the inhabitants of the • planet a 
most magnificent spectacle. They appear like vast arches, or semi- 
circles of light, extending from the eastern to the western horizon. At 
the equator, the outer ring is not visible, being hidden from the view 
by the inner ring ; but, in about 45 degrees of latitude, both rings are 
visible, and present a magnificent appearance. During the day-time, 
they appear dim like a white cloud, but, as the sun goes down .their 
brightness increases^ while the shadow of the planet is seen to come, 
on at the eastern limb of the ring, and gradually rise to the zenith, 
(see Diagram^) when it passes down and disappears in the western 
horizon at the rising of the sun. The rays of the sun alv/ays fall upon 
the sides of tlie rings very obliquely, as the sun is never seen more than 
30 degrees above the horizon of the rings, while • at other times the 
edge of' the rings only is presented to the sun. (See Diagram.) These 
rings appear rough and of unequal width and thickness, and it has been 
demQnstrated that these rings could not maintain their stability of rota- 
tion, if they were in all parts o( equal thickness and density, as the 
smallest disturbance would destroy their equilibrium, which would con- 
- tinue to increase until at last, they would be precipitated upon the planet. 

Saturn has eight moons, or satellites, but they are only seen with a 
good telescope. Their orbits, with the exception of the seventh, are 
nearly in the plane of the rings ; the seventh, which is the &rthest 
from the planet, is the largest, and its orbit is considerably inclined to the 
plane of the rings. (See Diagram.) 
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LESSON IV. 

ABTBONOMY. 
Quution. Wh^t is astronomy ? 

^n^K^^r. A&tronomy is the science which treats of the 
heavenly bodies. 

Q. What are the heayenlj bodies? 

A. The sun, moon, planets, comets, and stars. 

Q. Wliat are some of their characteristics, of which astronomy treats ? 

A. Their appearance, size, shape, arranganent, dis- 
tance, motions, physical constitution,and their influence 
on each other. 

Q. Are they all of the sam6 magnitude, or size ? 

A. The sun and stars are much larger than the other 
bodies. 

Q. Are they all at the same distance from the earth ? * 

A. They are not ; the moon is the nearest, and the 
stars the most distant. 

Q. Do they all emit Hght of themselves ? 

A. Not all of them. 

Q. How are they divided in this respect ? 

A. They are divided into two classes, luminous and 
opaque. 

Q. What is a Imninous body ? 

A. It is a body which shines by its own light 

Q. What is an opaque body ? 

A. It is a body which shines only by reflecting the 
light of a luminous body. 

Q, Which are the luminous bodies in the heavens ? 

A. The suif and fixed stars are luminous bodies. 

Q. 'Which are the opaque bodies in the heavens ? 

A. The moon, planets, and comets. 

Q, Why do the moon, planets, and comets appear luminous ? 

A. Because they reflect to us the light of the sun. 

Q. What is the shape of the heavenly bodies ? • ja /■ 

A. They are round like a globe or ball. ^' ,^^ 

Q» What do the sun, moon, planets, and comets constitute ? ^ 

A. They constitute the solar system. 
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LESSON V. 

THE SOLAB SYSTEM. 
Question. How are the bodies constituting the solar system arranged ? 

Answer. The sun is placed in the centre of the sys- 
tem, with the planets and comets revolving around it at 
unequal distances. 

' Q. How many planets are there in the solar system ? 

A. Eighty three is the number known at present. 

Q. How are they divided with respect to their motion ? 

A. They are divided into two classes, primary and 
secondary. 

Q. What is a primary planet? 

A.: It is a planet which revolves around the sun only. 

Q. What is a secondary planet ? 

A. It is a planet which revolves around its primary, 
and with it around the sun. 

Q. ^[YvBit are the secondary planets usually called ? 

A. They are called satellites or moons. 

Q. How many primary planets are there ? 

A 8 large planets and 57 asteroids or small planets. 



Q, What are their names, beginning at the sun f 

A. Mercury, Venus, the Earth, Mars, (Fiftv-seven 
Asteroids or small Planets,) Jupiter, Saturn, Uranus, 
and Neptune. 

Q. How many secondary planets or moons are there ? 

A. Eigh-teen. 

Q. Which planets have moons ? 

A4 The Earth has 1, Jupiter 4, Saturn 8, *" Uranus 
4, and Neptune 1.. (note) 
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LESSON VI. 



Question. How many revolutions has a primary planet? 

Answer. Two ; one on its axis, and anoCher around 

the sun. 

Q. What is the axis of a planet ? 

A. It is a straight line, round which it turns. 

Q. What is the path called, in which a planet revolves around the 
sun? 

A. It is called its orbit. 

Q. What is the earth's orbit called ? 

A. It is called the ecliptic. 

Q. Why is it so called ? 

A. Because eclipses take place, only when the. moon 
is in its .plane. 

Q. How many revolutions has a secondary planet ? 

A. Three. 1st, the revolution upon its axis ; 2d, the 
revolution around its primary; 3d, the revolution with 
its primary around the sun. 

Q. How are the planets divided, with respect to their distance from 
the sun? 

A. Into inferior and superior, according as their dis- 
tance firom the sun is less or greater than that of the 
earth. 

Q. Which are the inferior planets ? 

A. Mercury and Venus. 

Q. Which are the superior ? 

A. Mars, the Asteroids, Jupiter, Saturn, Uranus, 
and Neptune. 
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EESSON VII. 

PRIMARY PLANETS. 
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For table of Aiteroid* tee page 26. 



Note. — ^Hersohel claimed to have seen six moon's reyolyinff around the planet 
which he discovered, and which for several years was oallM by his name; but 
subsequent observations by the most celebrated observers, prove that Hersohel 
was mistaken, as only fo^tr have been seen by them, — It also is not podtivoly 
ascertained that Neptune has more than one sattelUte, although Leyerrier an- 
nounced two. 
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LESSON XXXI. 

URANUS. 
Quettum. When was Uranus dkoovered I 

Ansioer. In 1781. 

^ Q. By whom ? 

A. By Sir William Herschel^ who was a celebrated 
Elnglish astrotiomer. 

Q. In what part of the solar sTstem 18 UraniiB situated? 

* ^. It is the 7th large planet from the sun, and next to 
the farthest discovered. 

Q. What is its magnitude 7 

A'. It is 80 times larger than^ the earth. 

Q. Wha( is its specific gravity t 

A. It is Ih times the weight of water. (1.53.) 

Q. What is its distance from the sun ^ - 

A. 1800 millioils of miles. - 

Q« In what time does it revolve on its axis 7 

A. It is not certainly known, pit has been stated at 
1 day 18 hours, but there seems to be no proof of it.] 
Professor Nicfiol. 

Q. In what time does it revolve around the sun? 

A. In about 84 years. (84y. 6d.) 

Q. How fast does it move in its orbit around the sun 7 

A. 15,000 miles an hour. 

Q. How will the light and heat at Uranus, compare with the same 
•I the earth 7 

A. They are 368 times less. 

Q. How many moons has Uranus 7 

A, Four, (JVb^tf.) Sir W. Herschel wdd that he saw six: but he muet 
have been nuBtaken, for only four have been seen by other astronomers. 

Q. Wbat angle do the orbits, of the two which are best known, 
make with the ecliptic 7 

A. An angle of 78 degrees. (78" 58'.) 

Q, Jn what direction do these moons move in their orbits 7 

-4.' They move from east to west, contrary to the mo- 
tions of all the other planets, both primary and 
secondary. 

LESSON XXXII. 

NEPTUNE. 
Q. When was Neptune discovered 7 

A. In 1846, by Dr. Galle, of Berlin, 

Q. Who published the elements of this planet, and directed astrono- 
mers to the point in the^ heavens where it might be discovered f 

A. Leverrier, a celebrated French mathematician. 

Q. How near the point, where he directed astronomers to look, was 
U found 7 

A. Within one degree. 

Q, What is the diameter of this planet 7 

A. It is about 35,000 miles. 

. Q. What is its magnitude 7 

A. It is about 80 times larger than the earth. 

Q. What IS its distance from the sun 7 

A. About 2,850 millions of miles. . 

Q. In Ti^hat time does it revolve on its axis 7 

A. It is not known. 



NEPTUNE.— Oontinued. 

Q. In what time does it revolve around the sun 7 

A. In about 166 years. 

Q. How many moons has Neptune f 

A. One ; and another is supposed to have been seen. 

Q. What amount of light and heat has this planet 7 

A. About 900 times less than that of the earth. 

Q. Does this planet correspond to the calculations of Leverrier, as «o 
mass and distance from the sun 7 

A. Its mass and distance are considerably less than 
his calculations. . 

Q. Are the primary planets . inhabited 7 

A. They appear to be inhabitable. 

[Note. — The presence of clouds indicating both air and water ; the 
regular succession of the seasons, as well as day and night ; the suita- 
ble amount of light received from the sun ; the accompanimen of 
moons; the specific gravity of bodies at their surfitce; all seem to 
indicate that the primary planets are suitable residences for lining 
beings. The only objection to this view is, the diflerence in the 
amount of heat received from the sun, supposing it to be ^according to 
the inverse ratio of the squares of their distances from the sun. But 
we see from the difference of temperature on the earth, at the base and. 
summit of high mountains, (hat the actual heat depends much upon the 
modifying circumstances, as well as upon the direct rays of the sun. 
And* we have reason to suppose that the temperature of the other 
planets does not difler much from that of the earth. 

For instance, the temperature of Mars, as indicated by the melting 
of its snow, and that of Jupiter and Saturn, as indicated by the amount 
of vapor in their atmosphere, appear to be similar to that of the earth. 
Mercury and Venus are protected from the direct rays of the sun by 
dense clouds. Causes unknown to us, may and probably do, modify 
the temperature of all the planets in a greater or less degree, suffi- 
ciently so, for the purposes of animal life.] 



URANUS. 

This planet was discovered by Sir William Herschel, JMarch ISth, 
1781. It had been observed by Flamstead, Mayer, Tycho Brahe, 
and other astrononlers, and was regarded by them as a fixed star, and 
such it was considered by Dr. Herschel, \mtil he discovered it to be a 
planet, from its having moved from the place where he had observed 
it some time before. 

Sir William Herschel gave it the name of '* Geargium Sidm^ or 
Georgian Star," in honour of his Royal patron, Geoige IH., but the 
Royal Academy of Prussia, called it Uranus. 
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NEPTUNE. 

CAUSE WHICH LED TO ITS DISCOVERY. 

• 

It had been found by observation, that the attraction of the planets 
upon each other, accelerate or retard the motion of each. These varia- 
tions have been well understood by astronomers for many years ; but 
it was found by a series of observations made during several fean 
upon the planet Uranus, that its motion in the heavens was affected 
by some cause other than that of Saturn or Jupiter. This led astrono- 
mers to suspect that there might be another planet, either between the 
orbits of Saturn and Uranus, or beyond that of Uranus, Leverrier^ 
having collected the observations of the most celebrated astronomers for 
nuuiy years, was enabled, by his profound knowledge of the mathe- 
matics, to calculate its elements ; and tell astronomers where to look for 
it. A similar calculation was made by Mr. Adams, an English mathe- 
matician, with nearly the same result. 
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LESSON VIII. 

OBNTBIFBTA^ AJXD OSSTBlFUQAIt FOBOE. 

Qttaiion. WHi.T u that forc^ called with which all bodies attntct 
eftch other in proportion to their mass and sqnaie of the distance } 
Ansiver. The attraction of gravitation. 
Q, What is centripetal force ? 

A. Tt is the force which draws a body towards the 
centre round which it is revolving. 

Q. What large body by its attraction exerts a centripetal force upon 
all the primar}- planets and comets? 

A. The sun. 

Q. What boAy exerts a centripetal force upon the moon? 
A. ITie earth. 

Q. What bodies exert a centripetal force upon the other moons? 
A. The primary planets around which they revolve. 
Q. What is the ceiilrifugHl Ibrce of a heavenly body ? 
" A. It is that force which moves it forwai-d in its orbit 
Q. How do these two forces cause the planets to more? 
A. They ciriuse them to move in circular or elliptical 
orbits. 

Q. Who' i« a circle ? 

A. It is a plane figure bounded by a curve line, all parts 

of which are equally distant from the centre. (Fig. 4.) 

Q. What Li an ellipse ? 

A. It is an oblique view of a circle. {Fig. 4.) 

(NiiTi.— TFoctaFri >houl'l be sura Uut the poplti nnilcntuid Uk ddnlUon or u allipH, be 



Q. What are the foci of an ellipse ? 

A. They are the two points around which the ellipse 
is drawn. (Fig. 7.) 

Q. Where are these points situated ? 

A. In the greater axis, at equal distances from the 
centre. 

Q. What is the eccentricity of an ellipse ? 

It is the distauce from the centre to either of the 
(Fig. 7.) 
Where is the sun situated within the orbit of each planet? 
It is situated in one of the foci. (Fig. 8.) 
When are circles in the same plane? (Fin. 5.) 
When their planes lie in the same straight line. 
AVlien are drcles not in the same or parallel planes 7 
When their planes intersect each other. (Fio. 6.) 
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LESSON IX. 



QueiHon. How many laws did Kepler discover, which hear his name ? 
Answer. Three. 
Q. To what do they relate? 

A. 'Ihey relate to the motions of the planets. 
■ Q. What is the first law of Kepler ? 
A. That all the planets revolve in elliptical orbits, 
hnvitig tlie sun in one of their foci. (Fig. 7.) 
Q. What is the second law ? 

A. That the radius vector passes over equal areas in 
equal portions of time. 
Q What is the radius vector? 

A. It is a line drawn from the son to a planet, in any 
part of its orbit. (Fig. 7.) 

Q. What is the third law ? 

A, It is that the squares of the times of the revolu- 
?i tions of the planets around the sua, are proiiortioDal to 
the cabes of their mean ^stances from thft sun. 



THB VCRKB urn TR1TB TIiAOB OT A Fl-UBaT. 

Q. WItat is the mean pluce of*the earth, or a planet in its orhit? 

A. It is that |)oint in its orbit where it would be if it 
moved in a cirdc, and with the same velocity at all 
times. (Fig. 8.) 

Q. What is the true place of the earth or a planet? 

A. It is that point in its orbit where it really is at any 
given time. (Fig. 8.1 

Q. Wliat is ilie aphelion? 

A. It is that point in the orbit of the earth or jdanet 
farthest from the sun. (Fig. 8.) 

Q, When is the earth in the a[ih«lion, or &rthest from the stin ? 

A. July 1st. (Fig. 8.) 

Q. What is the perihelion ? 

A. It is that point in the orbit of the earth or planet 
nearest to the sun. (Fig. 8.) 

Q. When is the earth in ilie perihelion, or nearest to the sun ? 
A. January 1st. (Fig. 8.) 



LESSON X 
QaeUion. \n what points of a planet's orbit do its mean and true 
phu-(;s coincide ? 
Answer. At the aphelion and perihelion. (See Fig. 8.) 
Q. What straight line connects these points, and p^ses throngh the 



A. The apsis line, 
Q. When is the true plac 



of the earth or planet behind its n 



A. While' it is moving from the aphelion to the peri- 
helion. (See Fig. 8.) 

Q. When is ilie true place of the earth or planet before ita mean 
place? 

A. While it is moving from the perihelion to the 
aphelion. (See Fig. 8. ) 

Q. When does it move with the least velocity? 
A. When it is at its greatest distance from the sun. 
Q. When is ihc motion of the earth or pinnc-t in its orhit increasing? 
A. When it is moving from the aphelion to the pcri- 
hetiun. 

Q. Why does the motion incrcnw from the aphelion to thu perihelion? 
A. Because it is approaching nearer to the sun. 
Q. Wliiit rnuies it to approach tlip s^m ? 

A. The centrifugal force at the nphdinn it not suffi- 
ciently gieat to prevent its falling towards the sun. 
Q. When does the earth or planet move with the greatest velociljF 
A. When it is the.nearest to the sun. 
Q. When is the motion of the earth or planet decreasing? 
A. While it is moving from the perihelion to the 
aphelion. 

Q. Why dues the motion decrease from the perihelicn to the aphelioQ? 
A. Because the planet is receding from the sun. 
Q. What causes it to recede from the sun ? 
A. The centrifugal force at the perihelion is so great 
as to carry it farther from the sun. 
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LESSON XXXIII. 
MOON. 

' Question. What is the moon 7 

Answer. The moon is a secondary planet, revolving . 
around the earth. 

• Q. Is the moon larger or smaller than the earth 7 

A. It is 49 times less than the earth. 

Q. What is the diameter of the moon 7 

4. 2,180 miles. 

Q. What is the specific gravity of the moon 7 

A. It is Sg times the weight of water, (3.37.) 

.Q. What is its mean distance from the earth 

A. Two hundred and forty thousand miles. 

' Q. In what time does the moon revolve around the earth ? 

A. In about 27^ days, {27d. Ih. 43m. 115.5.) 

Q. In what time does the moon revolve upon its axis 7 

A. In about 274 days, or in the same time that it 
revolves around the earth. 

Q..What is the result of the moon's revolving upon its axis and 
around the earth in the same time 7 

A. The same side of the moon is Edways presented 
to the earth. 

Q. Have we ever seen the opposite side .of the moon 7 

, A. We have not. 

Q. What causes the moon always to present the same side to the 
eaith 7 

A. It is supposed that one side of the moon is more 
dense than the other, consequently the centre of gravity 
is not in the centre of the moon. 

Q. What' is a lunation, or lunar month 7 

A. It is the time from one new moon to another. 

Q. What is the length of a lunation 7 

A. About 29i days. {29d. 12A. A4m.) 

Q. Why is a lunation longer than the time it takes the moon to 
revolve around the earth 7 

A. Because the earth is revolving around the sun at 
th&»same time. (Fig. 3. See Note 1.) 

LESSON XXXIV. 

Q. What is the length of the days or nights at the moon 7 

A. About 15 of our days. (Note 4.) 

Q. Which way does the moon revolve around the earth 7 

A. From west to east. 

Q. If the moon revolves from west to east, what causes it to rise in 
the east ? 

A. It is caused by the earth^s revolving on its axis the 
same way. (Note 2.) 

Q Does the moon rise the same hour every evening? 

A. It rises about 50 minutes later every day. 

Q. What is the cause of its rising 50' minutes later «very day 7 

A. It is caused by the moon^s revolving around the 
earth from west to east. 

Q. What causes the phases of th& moon, from new moon to new 
iiiooii again 7 

A They are caused by the moon's revolving around 
the earth.. (See Diagram. Note 3.) 

Q. When is it new moon 7 

A. When the moon is between the earth and sun,, 
and the dark side is presented to us. (Fig. 1.) 



MOON.--Ck>ntinu6d. 

Q. When is it fiill moon 7 

A. When the moon is upon the opposite side of the 
earth from the sun, and the illuminated side is pre- 
sented to us. (Fig. 1.) 

Q. How much greater is the. light pf the sun than the full moon 7 

A. 300,000 times greater. 

Q. When are the sun and moon in quadrature 7 

A. When they are ninety degrees distant from each 
other. (Fig. 1.) .; 

Q. How much of the illuminated side of the moon is visible to us 
when it is in quadrature 7 

A. One-half. (Fig. 1.) 



Q. How much larger is Jie sun than the moon 7 

A. 70 millions of times greater. 

Q. Why does the moon appear as large as the sun 7 

A. Because it is four hundred times nearer to us 
than the sun. (See Fig. 4.) 



Note 1. Fig'. 3. — ^The moon revolves around the earth in about 21 h 
days, but from one new moon to another it is about 29 1 days ; this diA> 
ference is caused by the earth's revolving around the sun at the same 
time that the moon is revolving around the eai1h. This will appear 
plain by examining Fig. 3, on the opposite page. If we suppose *the 
moon to be in' conjunction or new moon, while the moon is revolving 
around the earth, the earth moves through nearly one-twelflh part pf its 
orbit, and when the moon arrives at A, it will haVe made a complete 
revolution around the earth ; but the moon will not be in conjunction, 
or between the earth and sun, until it has moved the distance from 
A to B — Whence it will be seen that from one new moon to another the 
moon has to make more than one complete revolution around the earth. 

Nate 2. — ^That the moon revolves around the earth from west to 
east, from one new moon to another in about 29^ days, there is 
not the least doubt ; and it will appear perfectly plain if we consider 
that the earth is revolving on its axis the same way, or from west to 
east ; the earth revolves on its axis in 24 hours, whereas the moon is 
29^ days in revolving around the earth ; consequently the moon only 
moves from west to east in 24 hours, as much as the earth turns 
on its axis in 50 minutes, which makes the moon rise as much later 
every evening. If the earth did not revolve upon its axis, then the 
moon would rise in the west, and after being above the horizon for 
nearly 15 days, would set in the east, and would be belmv the horizon 
for the same length of time, when it would rise again in .the west. 

PHASES op THE MOON. 

Nofe 3. Fig. 1. — By phases of the moon is meant the various ap* 
pearances which the moon presents from new to full moon, and from 
full moon to new moon again. As the moon is a dark body of itself*, 
there is only one-half of its sur&ce illuminated by the sun. At new 
moon, when the moon is between the earth and sun ; that side of 
the moon upon which the sun shines, is towards the sun, and the dark 
side is presented to the earth ; consequently we do not see any portion 
of the illuminated side of the moon at new moon, see Fig. 1 ; but as 
the moon passes around from west to east, it brings the illuminated 
side of the moon more and more to^our.view ; at the first quarter we 
can see one-half of the illuminated sur&ce, and when the moon an-ives 
at full moon, we can see the whole of the illuminated surface, as the 
earth is then between the sun and moon. From full moon to new 
moon again, the illuminated surface disappears in the same manner as 
it appeared. 

LENaTH OF THE DAYS AND NIOHTS AT THE MOON. 

Note 4. As the moon revolves on its axis only once in its revolution 
around the earth, it continually presents the same side to the earth, 
and there would be,* consequently^ only one day and night in each revo- 
lution of the moon around the eaith, or the day and ni^t woidd each be 
nearly fifleen days long. 
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.LESSON XXXV. 

MOON.— Oontlnned. 

Question. Has the moon an atmosphere ? 

Answer. Yery little if any, on the side towards the earth. 

Q. What is the appearance of the moon when viewed with a teles- 
cope? ■ 

A. It appears covered with light and dark spots of 
various shapes. 

Q. What is the cause of this appearance t 

A. It is caused by the mountains, plains and valleys 
in the moon. 

Q What are the light spots ? 

A. Mountains and elevated land. 

Q. What are the dark spots ? 

A. Plains, valleys, &c. 

Q. Has the moon any oceans, seas, or large bodies of water ? 

A. Not upon the side towards the earth. 

Q. If you were living upon this side of the moon, what would be the 
appearance of the earth ? 

A. The earth would appear like a large stationary 
moon. 

Q. How much larger than the moon appears to us? 

A. Thirteen times greater. 

Q. In what time would the heavenly bodies appear to revolve around 
the moon ? 

A. The stars would appear to revolve in 27i days, 
the sun in 292 days. 

Q. What is the shape of the moon's orbit ? 

A. Elliptical, or one diameter greater than the other. 
[See Diagram, page 24,) 

Q. What is apogee ? 

• A. It is the point in the orhit of the moon farthest 
from the earth. 

Q. What is perigee ? 

A. It is the point in the orbit of the moon nearest 
to the earth. 

Q. When is the moon in apogee ? 

A. When it is at its greatest distance from the earth. 

Q. When is the moon in perigee ? 

A. When it is nearest to the earth. 

Q. Has the moon any change of seasons ? 

A. None, except those changes which take place 
every lunar month. 

Q What is the harvest moon ? 

A When the moon is full in September and Octo- 
ber, it rises only a few minutes later for several suc- 
cessive evenings, and thu§ affords light for collecting 
the harvest, it is therefore callod the harvest moon. 

Q. What is the cause of the harvest moon ? 

^. It is caused by the moon's orbit being very ob- 
lique to the horizon. 

Q. Is the moon inhabited ? 

A. The want of air and water, render it uninhabit- 
able by beings physictUly constituted like ourselves. 



PHYSIOAL OONSTClTTTION OF THE MOON. 

Iif viewing the moon, with the naked eye, her disc appears diversi- 
fied with dark and bright spots, which on being examined with a pow^ 
erfld telescope are discovered to be mountains and valleys. The whol6 
surface of the moon is covered with these spots, which is evident fironv 
the fiict that the line of separation between the illuminated and daili 
hemispheres, is at all times extremely ragged and uneven. The 
mountains on or near this line cast behind them long black shadows, 
like the ^nountains on the earth when the sun is rising or setting. The 
moon is a much more mountainous body than the earth, and the moun. 
tains are vastly higher compared with its size than those of the earth. 
One of the mountains (named 7^^^) situated in the southeast part of 
the Moon, is apparently a volcanic crater 50 miles in diameter, and 
16,000 feet deep, with a central mountain rising to the height of 
5,000 feet. The height of ten of the principal mountains, according 
to the recent measurement of Maedler, is from Sj^ to 4} miles. The 
mountains of the moon do not run in ranges like those of the earth ; 
but are single peaks scattered over nearly the whole sur&ce o£ the 
moon, and are generally of a circular form shaped like a cup. These 
fiicts substantially prove the mountains of the moon to be of volcanie 
origin, and in some of the principal ones, decisive marks of volcanic 
stratification, arising from successive deposites of ejected matter, may 
be distinctly traced with powerful telescopes — ^The moon contains no 
large bodies of water, such as, oceans^ seas, d^c, especially upon the 
side visible to us. If there are any, they must be upon the opposite side 
of the moon which is never presented to us. The moon also has very 
little if any atmosphere, at least, none of sufficient density to refract the 
rays of light in their passage through it': from these two circumstances 
there are no clouds floating around the moon : if there were any, they 
would at times be visible to us, but noiie have been observed, it pre- 
sents the same appearance that it did 2,000 years ago ; no trace of 
vegetation or change of seasons has been observed, every thing appears 
solid, desolate, and unfit for the support of animal or vegetable life. 
Whether the materials of which the moon is composed, are of the 
same nature as the earth, there are no means of knowing. Fr^m the 
efiect of the moon's gravitation in producing the nutation of the earth's 
axis, the mass of the moon is determined to be very nearly 1.80th of 
the mass of the earth, whence, as her volume is r.49th of the 
earth's volume, it follows that her density as compared with the mean 
density of the earth is .615 or a little more than one half; consequent- 
ly the materials of which the moon is composed are about half as heavy 
as the i<ame bulk of the earth. 

There being little or no atmosphere about the moon, the heavens, 
in the da}iimo, have the appearance of night to the inhabitants of the 
moon, when they turn their backs to the sun, for it is entirely 
on account of the li<2:ht which our atmosphere reflects that the heavens 
appear luminous about us in the daytime. If our atmosphere were 
removed, only that part of the heavens would be light in which the sun 
is situated ; ahd if we turned our backs to the sun the heavens would 
appear as dark as night. The light which the full moon affords us is 
very small, when compared with the light of the sun ; it bemg 800,000 
times less. It has also been demonstrated that the light reflected by 
the moon produces no heat ; as its rays, when collected by the aid of 
the most powerful glasses, have not been perceived to produce the 
slightest efllect upon the thermometnr. 

IS THB fltOON INHABITED f 

From the physical constitution of the moon, it is evident that the 
moon is not inhabited by beings physically constituted like ourselves. 
The mooD having no atmosphere, we could not maintain an existence 
upr)n its surface tor a single hour ; even if it is provided with the other 
necessary means for our existence : neverthless, this is not conclusive 
evidence that the moon is not inhabited. The same power that called 
the moon into existence could as easily constitute beings fitted to inha- 
bit its sur&ce, and «njoy an existence like that of ours. It may be 
very properly asked — if the moon is not a habitable body, for what 
purpose was it created ? This is a question which is more easily asked 
than answered. We do know that it exerts a powerful influence in 
raising the tides, and how far this influence operates upon the animal 
and vegetable kingdoms, we are unable to decide ; its influence is no 
doubt felt to a greater or less extent. 
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LESSON XXXVI. 

EOUFSES. 

Question* Wbat is an eclipso ? 

Answer. It is tlie interception of the sun's rays by 
some opake body. 

Q. How are eclipses divided, with respect to the body eclipsed ? 

A. Into two kinds, solar and lunar. 

Q. What is a solar eclipse ? 

A. It is an eclipse of the sun. 

Q. What is the cause of an eclipse of the sun T 

A. It is caused by the moon's passing between the 
earth and sun, and casting its shadow upon the earth. 
(Fig. 3.) 

Q. When must an eclipse of the sun take place ? 

A. It can happen only at new moon. 

Q. What is a lunar eclipse t 

A: It is an eclipse of the moon. (Fig. 3.) 

Q. What causes an eclipse of the moon? 

A. It is caused by the moon's passing through the 
earth's shadow. (Fig. 3.) 

Q. When must an eclipse of the moon take place 7 

A. It can happen only at full moon. (Fig. 3 and 4.) 

(>. How are eclipses divided, with respect to the amount eclipsed 7 

A. Into total and partial. 

Q. What is a total eclipse 7 

-4. It is an eclipse of the whole of the sun or moon. 
(Fig. 3 and 8.) 

Q. What is a partial eclipse 7 

A. It is an eclipse of only a part of the sun or moon. 
(Fig. 7.) 

Q. What is an annular eclipse 7 

A. It is an eclipse of the central part of the sun, when 
the moon is so far from the earth, that the edge of the sun 
can be seen like a bright ring around it. (Fig. 9, Nc^e.) 

Q, Do we have an eclipse of the sun at every new moon ? 

A. We do not. 

Q. Why do we not have an eclipse of the sun at every new moon ? 

A. Because at new moon, the moon is generally too 
high or too low for its shadow to fall upon the earth. 
(Pig. 5.) 

Q. Do we have an eclipse of the moon at every full moon 7 

A. We do not ; at full moon the moon generally 
passes above or below the earth's shadow. 

Q. What is the length of the earth's shadow 7 

A. About 850,000 miles. (Note. This is the mean or 
average length.) 

Q. What is the length of the moon's shadow? 

A. About 234,000 miles. (Note. This is the mean or 
average length.) 

; Q. What is a digit 7 

A, It is the twelfth part of the apparent diameter of 
the sun or moon's disc. (Fig. 6.) 

Q. What is the greatest number of eclipses that can take place in 
a year 7 

A. Seven ; five of the sun and two of the moori. 

Q. W^hat is the least number of eclipses that can take place in a 
year 7 

A. Two; and both must be of the sun. 
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All opake bodies cast a shadow when the rajs from any luminout 
body &11 upon them. Every primary and secondary planet in the 
solar system casts a shadow towards that point of the heavens which 
is opposite to the sun. If the sun were smaller than the earth, the 
earth's shadow would increase in diameter as the distance increases 
from the earth, (See Fig. 1 ;) but if the sun and eartb were of th^ 
same size, the shadow would be of the same size, no matter how grea^ 
the distance from the earth, (See Fig. 2.) But as the sun is im- 
mensely larger than the earth, the earth's shadow terminates in a point 
at about 850,000 miles from the earth; the length of the earth's 
shadow is» however, subject to considerable variation^ When the 
earth is nearest to the sun, which takes place about January Ist, the 
shadow is much shorter than when the earth is at its greatest distance, 
which is about the 1st of July. The moon revolves around the earth 
in about 29^ days, from one new moon to another. If the moon 
passed at every new moon exactly between the centres of the sun and 
earth, we should have a great eclipse of the sun at every new moonf 
and a total eclipse of the moOR at every full moon, (See Fig. 3 ;) but 
the moon's orbit or path makes an angle with the plane of the ecliptic, 
(the plane of the ecliptic is described by a line drawn from the centre 
of the sun, passing through the centre of the earth and extended, to 
the heavens,) of about 54- degrees, consequently one half of the moon's 
orbit is above the ecliptic, and the other half is below it. 

The two opposite points where the moon's orbit cuts the plane of the 
ecliptic, are called the moon's nodes ; the nodes do not keep in the 
same position with respect to the earth and sun, but have a retrograde 
motion of about 19 degrees in a year. This causes the moon at new 
moon to be too high or too low, so that the moon's shadow passes 
above the north pole or below the south pole, hence there is no eclipse, 
and at full moon, the m'>on phases either above or below the earth's 
shadow. A total eclipse of the moon occurs when the whole of the 
moon is immersed in the earth's shadow, (See Fig. 8 ;) but we occa- 
sionally have a partial ecFipse of the moon which is caused by the 
moon's being so high or so low as only to be partially immersed in the 
earth's shadow, (See Fig. 4.) The diameter of the sun and moon's 
discs is divided into twelve equal parts, called digits (See Fig. 6 ;) but 
by inspecting the diagram, it will be seen that when the sun is said to 
have six digits eclipsed, that only about one third of the disc of the sun 
is covered by the moon, although one half of the diameter of the sun is 
hidden from view. The sun and moon appear to be about the same 
size, but the apparent size of both is subject to some variation : when 
the earth is in that point of its orbit nearest the sun (January 1st,) the 
sun appears larger than at any other time during the year, and, when 
the moon is at the greatest distance from the earth, she appears the 
smallest. If an eclipse of the sun should take place exactly at this 
time, the shadow of the moon would terminate in a point before it reached 
the earth, and the moon would not appear large enough to cover the 
whole disc of the stm, but would produce what is called an annular 
eclipse, or the sun would appear like a luminous ring around the moon, 
(Seo Fig. 9;) but if the earth was at its greatest distance from the sun 
(July 1st) and the moon the nearest to the earth, then the moon would 
appear larger than the sun, and the shadow of the moon would touch 
the earth before it terminated in a point; this would produce a total and 
as great an eclipse o^ the sun as can take place, (See Fig. 3.) A 
total eclipse of the sun is visible only to a small portion of the earth a^ 
one and the same time, the shadow of the moon where it touches xhe 
earth would be only about 150 miles in diameter, consequently there 
would be only i. space across the earth from west to east about 150 
miles wide, in which ii would appear total, but, a partial eclips»> would 
be seen from a space more than 2,000 miles wide on each sif!e of 
the umbra, or dark shadow. Those who lived north of tlie dark 
shadow would see the southern portion of the sun eclipsed, and ihose 
who lived south of it, would see the northern limb of ih«» sun eclipsied. 

Eclipses of the sun are. more frequent than of the moon, because 
the sun's ecliptic limits are greater thjin the moon's, y*it we.ha\«e more 
visible eclipses of the moon than of the sun, because ecli|>se.s of the 
moon are visible from all parts of the earth where the moon is abo^'e 
the horizon, and are equally great to each of those parts ; but eclipses 
of the sun are visible only to those places upon which the moon's 
shadow falls. 
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BOZJPSB8.--OontlniiML 
Queiiim* Why are there more eclipses of the Sun than of the Moon ? 

Answer. Because the Solar Ecliptic Limit is 10^ 
degrees greater than that of the Mood. 

Q, Are visible eclipses of the Moon more frequent at any particular 
place, than those of the Snn ! 

A. They are ; because an eclipise of the Moon is 
visible and appears as great to all places on the Earth 
where the Moon is above the horizon. 

Q. Why are not visible eclipses of the Sun as frequent as those of 
the Moon ! 

A. Biecause an eclipse of the Sun is visible only at 
those places on the Earth where the Umbra or Pen- 
umbra falls. 

Q. What is the Umbra of the Earth, Moon or any other planet f - 

A. It is the totai dark shadow of the planet, see Fig- 
1, 2, 3, 4. 

• ■ 

Q. What is the Penumbra ! 

A. It is a faint shadow surrounding the Umbra, Fig. 
1,2,3,4. 

Q. What is the extent ol the Moon's Umbra upon the Earth when 
greatest t 

-4i- It never can exceed 175 miles in diameter, and 
it generally is much ,less, see Fig. 3. 

Q. Why do eclipses of the Sun always b^g^n on the western side 
of the Sun i 

A.- Because the Moon passes from west to east be- 
, tween the Earth and Sun. 

Q. Why do eclipses of the Moon begin on the eastern side of the Moon ! 

A. Because the Moon passes from west to east 
through the Earth^s shadow, see Fig. 1. 

Q. In what direction does the Moon's shadow pass over the Earth 
in a Solar Eclipse ! 

A. It passes over the earth from west to east. 

Q. How large a portion of the Earth's surface may be covered -by 
the Moon'p Penumbra ? 

A. A space about 4,393 miles in diameter. 

Q. Why are not. all eclipsejs of the Sun total ? 

A, Because the Moon being so far from the Earth, 
its shadow terminates in a point before it reaches the 
earth, see Fig. 2. 

Q. In what point of its orbit must the Moon be to cause a total 
eclipse of the Sun ? 

A. It must be at or near "its /?engee, when the Um- 
bra of the Moon would reach the Earth, see Fig. 3. 

Q. How long may an eclipse of the Moon continue ? 

A. It may continue four hours; in this case the 
Moon must pass directly through the centre of the 
Earth's shadow, see Fig. 1 . 

Q. Is the Moon ever visible when it is totally eclipsed ! 

A. It is, and appears of a reddish color like tarnish- 
ed copper. 

Q. What causes the Moon to be visible when it is totally eclipsed ! 

A. The rays of the Sun in passing through the 
^atmosphere oi the Earth are reiracted or turned out 
of their course and falling upon the Moon render it 
faintly visible. 



EOLIFSES. 

Eclipses are among the most interesting phenomena pretented to us by the heavenly 
bodies. In all ages, when an eclipse has taken place, it has excited the profound atten- . 
tion of the learned, and the fears and superstitions of the ignorant. The causes of > 
eclipses before the seventeenth century were known only to a fe*w, and they generally 
took advantage of this knowledge to impose upon the credulity of the ignorant by pre* 
tending that they were inspired by the Gods. Among the ancient nations, the Chal- 
. deans we're the foremost m their observations of the phenomena of the heavens ; per- 
haps this was owing in some measure to their occupation ; They being shepherds were 
obliged to watch their flocks by night to protect them from the wild beasts which were 
at that time numerous. Men under such circumstances would naturally be led to watch 
closely the movements of the heavenly bodies, and more especially so ; for in the' 
earlier periods of the world they had no correct mode of rec&oning time in order to 
determine the seasons or the proper seed time and harvest. 

Eclipses attracted the particular attention of the Chaldeans, and by a series of ob- 
servations extended through several centuries, they discovered a very important fiiet 
relating to eclipses although they did not understand the cause. 

By comparing the records which had been made for a great length of time, they 
found that a certain period of time elapsed between eclipses of the same kind and 
magnitude ; that is, if 18 years, 11 days, 7 hours and 43 minutes, were added to the 
time of the happening of any eclipse, it would show the time of the return of the same 
eclipse ; the only diiferences would be that it would not happen at the same time in 
the day and it would be a little greater or less than the previous eclipse — thus they 
were able to predict ecli.ises with sufiicient accuracy to answer their designs upon the 
ignorant without understanding the laws by which these periodical returns were • 
produced. 

To explain this briefly, it must be remembered that the moon's orbit makes an angle 
with the plane of the earth's orbit of 5P ; these two points where the moon's orbit 
cuts the plane of the earth's orbit, are called nodes, (see diagram, greatest number of 
eclipses in one year, page 45). Now we will suppose that on any day at noon it is new 
moon, and the moon is just IG^ degrees from her descending node, the shadow of the 
moon would just touch the earth at the south pole ; in 228 lunations or 18 years^ 11 da^s, 
7 hours, 43 minutes thereafter, the moon would come nearly to the same position as it 
was at thjB beginning, consequently there wotdd be another small eclipse of the Sun, 
and at the expiration of every 228 lunations it would return, and at each return the 
moon's shadow would pass across the earth a little more to the north until the eclipse 
had appeared about 77 tjmes, when it would pass ofl" at the north pole, occupying a 
period of 1388 years : The same period would not commence again until the expiration 
of 12492 years. Each eclipse which takes place during any year, belongs to a separate 
and similar period. Those {leriods of eclipses which come in at the Moon's ascending 
node, first come on to the earth at the north pole and at each return the moon's shadow 
passes across the earth more' to the south and after appearing about 77 times they finally 
leave the earth at the south pole. 

In those ^riods of eclipses of the moon whicn come in at the moon's descending 
node,*^ the nioon first touches the upper portion of the earth's shadow and at each return 
the moon passes through the earth's shadow more to the south and at the thirty-second 
return the moon would pass directly through the centre of the earth's shadow, produc- 
ing a great eclipse of the moon ; also in those eclipses of the moon which cbnie in at 
tne moon's ascending node, the moon first comes in contact with the lower portion of 
the earth's shadow and at each return the moon passes through the shadow more to the 
north and goes through a similar course as in the former case ; it must be remembered 
that there are a number of echpees in each year, the greatest number is seven the least 
two ; but the eclipses which happeit in any one year cannot take place again uniu the 
expiration of 18 };ears, 11 days, 7 hours, 43 minutes. 



Q. What are the eflfects of a total eclipse of the Sun ? Jft 

A. The heavens are shrouded in darkness^ so that 
the stars and planets become visible ; the animal 
tribes become agitated; and a general gloom over- 
spreads the landscape. 

Q. How long can a total eclipse of the Sun continue at any one 
place on the earth ? 

A. A total eclipse of the Sun cannot continue at 
any one place over four minutes. 

Q. Why is the dark portion of the New Moon visible when seen in 
the west soon af^er the Sun is set t 

A, Because the rays of the Sun falling upon the 
Earth are reflected back upon the dark portion of the 
Moon and render it faintly visible, see Fig. 4. [TTiis 
appearance of the Moon at new moon is sometimes- 
called." the Old Moon in the New Moon^s arms'"'] 

Q, Are the Stars or planets ever hidden from our view by the Moon ? 

A. They frequently are, which is called the Occul- 
tation of a star or planet. 
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LESSON xxxvii: 

MOON'S NODES. 

Questum, What are nodes ? 

Answer. They are two, opposite points where the orbit 
of the moon, or any other planet intersects the plane of 
tlie earth^s orbit or ecliptic* 

Q. What angle does the moon's orbit make with the plane of the 
Qarth's orbit or ecliptic. 

A. About 5} degrees. {& 8' 48".) 

Q. What part of the moon's orbit is above or north of the plane of 
the earth's orbit ? 

' A. One half, the other half being below, or south of 
the earth's orbit ? 

; 'Q. What is the ascending node? 

' A.\i is that point where the moon passes the plane' 
of the earth's orbit from south to north. 

Q, Wiiat is the descending node ? 

A. It is that point where the moon passes the plane 
of the earth's orbit from north to south. 

Q. Do the nodes change their position as regards a fixed point in the 
; heavens? . 

• A. They have a retrograde motion of about 19 degrees 
\ in a year. 

Q. When is the moon in north latitude in the heavens ? 

A. When it is north of the earth's orbit or ecliptic. 

Q. When is the moon in south latitude in the heavens ? 

A, When it is south of the earth's orbit or ecliptic. 

Q. What is the greatest latitude of the moon ? 

A. 5} degrees north or south of the earth's orbit or 
ecliptic. 

• Q. What is the greatest declination of the moon, or its distance north 
' or south of the equinoctial or equator? 

j4. About 285 degrees. 

a 

LESSON XXXVIII. 

Q. How near one of the nodes must the moon be at new moon to 
cause an eclipse of the sun? 

A. Within seventeen degrees. (16^* 59".) 

*^*Q. How near one of the. nodes must the moon be at full moon to 
cause an eclipse of the moon ? 

A. About 1 2 degrees. (IP 2b' 4".) 

Q. IF the moon is exactly in one of her nodes at new or full moon, 
IvHiatkind of an eclipse will it causc^K 

i4. It will cause a great eclipse of the sun or moon. 

Q. What is the extent of the solar ecliptic limit in which an eclipse 
of the sun can take place ? 

A. Thirty-four degrees, seventeen degrees on each 
side of either node. 

Q.- What is the extent of the lunar Ecliptic limit in which an eclipse 
- of the moon can take place ? 

A. Twenty-four degrees, twelve on each side of 

either node. 

« 

INFERIOR AND SITPBRIOR OOWnXNCTPION, 

Q. How many kinds of conjunction are there ? 

A* Two ; inferior and superior. 

Q. When is a planet in inferior conjunction with the 8un? 

A. When it is between the earth and sua. 



CONJUNCTION.— Ck>ntinaed. ^f 

Q. What planets can be in inferior conjunction ? 

A. Mercury and Venus; also the moon. 

Q, W.hon are two planets in superior conjunction ? 

A. When they are. on opposite sides of the sun. 

Q. What planets can be in superior conjunction with the sun \ 

A. All the planets, except the earth and moon. 

LESSON XXXIX. 

INFERIOR AND |n7PBRI0R PLANETS. 

- Q. How are the primary planets divided ? 

A. They are divided into two classes, inferior and 
superior. 

Q. Which are the inferior planets ? 

A. Mercurv and Venus. 

Q. Why are they caUed inferior planets ? 

A. Because their orbits are vnthin the orbit of the 
earth. 

Q. Which are the superior planets ? 

A. Mars, " the AsteroidSy^ Jupiter, Saturn, Uranus and 
Neptune. 

Q. Why are they called superior planets ? 

A. Because their orbits are greater than the orbit. of 
the earth. • . 

HELIOOENTRIO AND afiOOENTRIO LATirxmE AND LQNaiTUDE. 

Q. What is the Heliocentric latitude and longitude of a planet? 

A. It is its latitude arid longitude, as seen from the 
sun. (See Diagram.) 

Q. What is the Geocentric latitude and longitude of a planet ? . 

A. It is its latitude and longitude as seen from the 
earth. 



It will be seen by inspecting the diagram upon the opposite page, 
that there are two small circles introduced into the diagram, the white 
circle which represents the moon's orbit, and the shaded circle which 
lies in the plane of the earth's orbit or ecliptic ; this shaded circle is 
introduced into the diagram only to show the two points where the 
moon's orbit intersects the plane of the earth's orbit or ecliptic; these 
two points are called the moon's nodes ; the point where the moon 
passes from the south to the north side, or above the earth's orbit, is 
called the ascending node ; and the opposite point, or where the moovi 
descends below the .earth's orbit, Is called the descending node ; the 
line passing through the centre of the earth from one node to the other^ ' 
is called the '* line of the nodes.^* It will be seen also that one half ol 
the moon's orbit is above the plane of the earth's orbit, and the other 
half below it. 

' The planets Mercury and Venus are called inferior planets, because 
their orbits are within that of the earth, and of course nearer to*the sun. 
The other primary planets, Mars, Asteroids, Jupiter, Uranus and 
Neptune, are called superior planets for the same reason that ^eir 
orbits are greater, or outside that of the earth. 

It will be seen by inspecting the diagram upon the opposite page, 
that the planets, seen by two observers at the same time, one upon the 
sun and the other upon the earth, would not appear to be exactly k* the 
same point of the heavens. The heliocentric longitude of a planet 
is where it would appear to bo if seen from the sun, and the geocentric 
longitude of a planet is its longitude as seen from the earth. 
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LESSON XL. 

OItXLA.TEST NUMBER OF EOUFSES IN A TEAR. 

Que^ion, What is the greatest number of eclipses that can take 
place in a year ? 

Answer. Seven; five of the sun and two of the moon. 

Q What is the least number of eclipses that can take place in a 
jrear ? 

A. Two ; hoth of the sun. 

Q. What must be the position of the moon and her ascending node, 
on the first day of January, to cause seven eclipses in a year? 

A. It must be new moon, and the moon must be 
witliin 17 degrees of her ascending node at the time. 

Q. When would the second eclipse take place ? 

A. The second eclipse would be of the moon, January 
ISthy at her descending node. 

Q. When would the third eclipse take place ? 

A. The third eclipse would be of the sun, January 
29th, at the moon^s ascending node. 

Q. When the fourth eclipse ? 

A. The fourth eclipse would be of the sun, June 26th, 
at the moon's descending node. 

Q. When ihe fifth eclipse ? 

A. The fifth eclipse would be of the moon, July 1 1th, 
at her ascending node. 

Q. When the sixth eclipse ? 

A. The sixth eclipse would be of the sun, July '25th, 
at the moon's descending node. 

Q. When the seventh and last eclipse ? 

A. The seventh eclipse would be of the suh, Decem- 
ber 20th, at the moon's ascending node. 

Q. Why are there no eclipses in this case from January 29th to 
June 26th ? 

A. Because the moon is so high at new moon that its 
shadow passes above the north pole, and at full riioon, 
the moon passes below the earth's shadow. 

Q. Why are there no eclipses in this case from July 25th to Decem- 
ber 20th? 

A. Because the ipoon is so low at new moon, that its 
shadow passei» below the south pole, and at full moon, 
the moon passes above the earth's shadow. 

Q. What must be the position of the moon and her ascending node, 
?m the 1st day of January, to cause only two ecIipses^dMrin^ the year? 

A. It must be new moon, and the mci^Sh* must be in 
or very near lier ascending node. 

Q, How often are there seven, or only two eclipses in a year ? 

A, Not oftener than once in a hundred years. • 

Q, What is the most common number of eclipses itt a year? 

A, Four . 



Greatest Number of 



in a Tear. 



Whr\ the moon is within 17 degrees of either node ai new moon, it 
will cause an eclipse of the sun, and when . ^ t moon is within 12 
decrees of cither node at full moon, thp .noon will then be more or less 
eo.lipsod. If the line of the noaes were carried parallel to itself around 
Jhe sun, there would be just half a year from the time of one node 
|«asf»ing the 9Un, to the other's coming around to the sun ; but as 



the nodes have a retrograde motion of about nineteen degrees in ayef^^^j| 
it is only 177 days from the conjunction of one node to the conjunction ~ 
of the other, therefore, in whatever time of the year we have eclipses of 
the sun or moon at either node, we may be sure that in 177 days, we 
shall have eclipses about the other node. If we suppose the moon at 
new moon to be 17 degrees from h^r ascending node on the first day 
of January, there would be a small eclipse of the sun, and at the next 
full moon, January 15th, there would be a total eclipse of the moon ; as 
the moon would be only about 2 degrees from the descending node ; at 
the next new moon, January 29th, the moon would then be about 12 
degrees upon the other side of the ascending node, which would cause 
another small eclipse of the sun, — hence we would have two small 
eclipses of the sun at the ascending node, and one great eclipse of tho 
moon at the descending node, froni January 1st to January 29th. (See 
Diagram.) At every subsequent new moon, the . moon would be so 
high that the shadow would pass above the north pole, and at every 
full moon, the moon would pass below- the earth's shadow, until June 
26th, when the moon's descending node would come around to the sun, 
(see Diagram ;) at this time the moon would be about 7 degrees from 
her descending node ; this would cause another eclipse of th6 sun. At 
the next full moon, July 11th, there would be another total eclipse of 
the moon ; again, at the next new moon, July 25th, the moon would 
still be within. 17 degrees of her descending node, which would produce 
anothersmall eclipse of the sun. 

From July 25th, there would be no eclipses of the sun. or moon, as 
at every subsequent new moon, the moon would be so low that the 
shadow of the moon would pass below the south -pole, and at every fiill 
moon the moon would pass above the earth's shadow, until December 
20th, when the ascending node would come around again to the sun, and 
at the 12th new moon in the year, the moon would again be within 17 
degrees of her ascending node ; we would, therefore, have another 
small eclipse of the sun, which would be the seventh and last eclipse 
during the year. It will be seen from the above, that we should have 
five eclipses of the sun, and two total eclipses of the moon, during the 
year, which is the greatest number that can possibly take place in a 
year. Seven eclipj'es in a year do not occur twice in a hundrecl 
years, although perhaps we may have seven eclipses in one year's 
time, for several times during a century, 'to have seven eclipses .duTr 
ing the same year, it is necessary that the moon and nodes be in a 
particular position on the first day of January. t 

Ailer the sun, moon and liodes have been once in a line of conjunc- 
tion ; they return nearly to the same position again in 223 lunations or 
18 years i 1 days 7 hours 43 minutes 20 seconds, when four leap years 
are included, or one day less, when five leap years are included ; con- 
sequently, if to the mean time o^ any eclipse of the sun or moon, we 
add. 18 years 1 1 days 7 hours 43 minutes 20 seconds, we shall have 
the mean time of the return of the same eclipse for a long . period of 
time. This period was first discovered by the Chaldeans, by a long 
series of observations, extending through many centuries, and by it 
they were able to foretell, with considerable exactness, the appearance 
of an eclipse, varying at most but a few hours. Every eclipse within 
this period of 18 years, belongs to a separate series of eclipses, that is, 
there is but one eclipse during the 18 years, which belongs to the same 
series. If any scries of eclipses commence at the ascending node, the 
shadow of the moon just touches the earth at the north pole ; at the . 
next return in 18 years, the shadow will pass across the earth a little 
more to the south, and at each return, the shadow will continue to pass 
more to the south until it will have appeared about 77 times, which 
will take about 1,388 years, when it will pass off the earth at the south 
pole, and at the expiration of 12,492 years, the same eclipses will com- 
mence again to go through a simihir course. Those eclipses of the 
sun which come in at the descending node, the shadow of the moon 
first touch^ - the earth at the south pole, and at each return passes more 
to *^ ^orcn, and finally leaves the earth at the north pole, afler having 
apreared the usual number of times. The velocity of the njoon's 
shddow across the earth in an eclipse o\ the sun is auouv i,c5du mues 
an hour, or about four times the velocity of a cannon ball. The moon 
when totally eclipsed, is generally visible if it is above the horizon, 
and the sky is clear : it generally appears of a faint dusky red, or 
copper color, this is caused by the rays of the sun, -which pa>M through 
the atmosphere of the earth, and are refracted or bent inward, so 
that some of the rays &11 upon the moon and render it visible. 
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LESSON XLI. 

TIDBS. • 

Qu/esHon. • What motion have tlie earth and moon, besides reyolving 
around the tun ? • 

Answer. They revolve around their common Centre of 
gravity. • 

Q. In what part of a straight line joining their centres, is the centre 
of gravity situated ? 

wl. A bout 3,200 miles from the centre of the earth. 

Q, What effect has the centrifugal force upon the water on the 
opposite side of the earth from the moon ? 

•tf. It causes it to recede from the centre of gravity, 
and to rise on that part of the earth. 

Q, What effect has this upon the shape of the earth ? 

jf. Its diameter is lengthened in the line of the 
moon's attraction, and shortened at right angles to it. 

Q, What tends to increase this oval shape of the earth? 

A. The inequality of the attraction of the moon at 
the different sides of the earth. 

[The water upon* the side of the earth nearest to the moon is more 
attracted than the centre of the earth ; the water upon the opposite 
side is less attracted.] 

Q, What effect does the turning of the earth, from west to east on 
its axis, produce ? 

Jl* It causes these elevations, or tide waves, to pass 
froin east to west around the earth. • 

Q. What is tide? 

A, It is the rising and falling of the waters of the 
ocean. 

Q. How are the tides divided wjth respect to the rising and ^silling 
of the water ? 

A, Into flood and ebb. 

Q. What is flood tide ? 

A. It is the rising of the water. 

Q, What term designates the greatest elevation of the flood tide 7 

A. High water. 

Q. What is ebb tide ? 

JL It is the falling of the water. 

Q. How of^en do flood and ebb tide occur ? 

A. Twice in about 25 hours. 

Q. Do the tides rise at the same hour every dtfy ? 

A, TheyTise about an hour later each day. 

<?. Why do the tides rise later ? * rf^- * 

jf. Because the moon passes the meridian about an 
hour later eadh day. 

Q. WhiU causes the moon to be later at the meridian ? 

A. It is caused by its revolving monthly around the 
earth from easjt to west 

Q. Does the attraction of the sun produce an effect similar to that 
of the moon ? 

A. It tends to raise a tide two fifths as high. 

^ Q. When the sun and moon are on the same or opposite sides of 
the earth, what is the effect of their attractive forces ? 

A. They raise a tide equal to the sum of their sep- 
arate tides. • 

Q, When they are in quadrature, what is the effect of their coun- 
teracting forces ? 

A. They raise a tide equal to the difference of .their 
tide& 



LESSON XLII. 

Q. How are tides divided with respect to their comparative hei^^F 

A. Into spring and heap. 

Q, What is spring tide ? 

A It is the greatest flood and ebb tide. 

Q, What is neap tide ? 

A. It is the least flood and .ebb tide. 

Q. What proportion do these tides bear to each other 7 

A. The neap tide is about three sevenths as' great as 
the sprirfg tide. 

Q. When do spring tides occur? 

A. Twice in each lunar month, at new and full moon. 

Q. When do neap tides occur ? 

A. Twice in each lunar month at the quarters.. 

Q. What effect have the continents upon the tide waves when 
ing round the earth ? 

A, They subject them to great irregularities. 

Q. Which side of the continents have the highest tides, the eastoni' 
or the western ? 

A. . The eastern side. 

Q. Does the water remain permanently higher on the east than on* 
the west side of the continents ? 

A. The gulf of Mexico is 20 feet higher than tibie 
Pacific ocean, and the Red sea is 30 feet higher than 
the Mediterranean. 

Q» Where the tide wave is least obstructed, as in the Pacific ooean,' 
how much behind the moon is it ? 

A. It is two or three hours behind it. 

Q, How long afler the moon passes the meridian, is it high water 
at New York ? 

A. About 8i hours.' 

' Q. If the earth were uniformly covered with water, how hi^ 
would the tide rise? 

A. Not more than two or three feet. ^(The. tide at 
the small islands in the Pacific ocean is usually less.)' 
Q. What prodiices jbhe greatest efieet in causing high tides ? 

A. The shape of me land, and the position of the 
shores. 

Q, Where are the highest tides in the world ? 

A. In the Bay of Fundy. 

Q,' What, besides the position of the shores, tends to rftise a high 
tide at this place ? 

A. The meeting of the tide wave from the. North 
Atlantic ocean, with the main one from the South 
Atlantic. 

Q. How high i»« the average spring tides at Cumberland, lear 
the head of the Bay of Fundy ? 

A. About 71 feet. 

Q, How high are they at Boston ? 

A: About 11 feet. 

Q. At New York? 

A. About 5 feet 

Q, At Charleston, South Carolina? 

A. About 6 feet 

Q. When do we have the highest tides in the northern hemis- 
phere? 

A. At new moon in the summeBi and at full moon in 
the winter. (See Diagram.) 
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LESSON XLIII. 

OBBIT8 OF THE PLANETS AND COMETS. 
Question, What is the orbit of a primary planet ? 

Jinswer. It is the path in which it revolves around 
the sun. 

Q. What is the orbit of a secondary planet ? 

^ It is the path in which i^ revolves around its 
primary, 

' Q. What is the form of the orbits of al. the planets ? 

^. Elliptical, or longer one way than the other. 

Q. Are all the orbits elliptical in the same proportion ? 

^. They are not ; some are more elongated than 
others. 

Q. What is the position of the orbits of all the planets ? 

^. They extend from west to east in the heavens. 

Q. Do the planes of their orbits intersect the ecliptic . or orbit of 
the earth ? - . 

Jl. They do, iit small angles. (See Diagram.) 

Q. Do they all intersect the plane of the earth's orbit at one point, 
as represented in the diagram r 

^. They do not ; but intersect it at different points. 

Q. Through ^liat point does the plane of the orbit of every primary 
planet and comet in the solar system pass ? 

^. Through the centre of the sun. 

Q. Are the planets at nearly the same distance from the sun ? 

Jl, They are not, but at very diflferent distances. 

Q. Are their orbits all contained within the zodiac ? 

i^. They are, except those of a part of the * asteroids. 

Q. How wide is the zodiac? 

^, Sixteen degrees wide : eight degrees on each side 
of the ecliptic. 

Q. Do all the planets revolve around the sun in the same direction ? 

^. They do ; from west to east. 

Q. Do they all move with the same* velocity? 

^. The velocity decreases as the distance from the 
sun increases. 

Q. Which planet moves in its orbit with the greatest velocity ? 

Jl. Mercury. 

Q. Which moves with the least ? 

Jl. Neptune. 

Q. When does a planet have north latitude ? 

Jl. When it is above, or north of the earth's orbit 

Q. When does a planet have south latitude ?. 

^. When it is below, or south of thie earth's orbit 



LESSON XLIV. 

COMETS. 
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Question. What are comets ? 

Answer. They are bodies which revolve around the 
sun in very elongated orbits. 

Q. How are comets usually distinguished fron) the planets ? 

Jl. By a luminous train or tail, on the opposite side 
from the sun, 

Q. Is this luminous train always on the opposite side from the sun ? 

Jl. Not always ; a few have been observed to have a 
diiFerent direction. 

Q. Do comets ever appear without a luftiinous train ? 



• J?. Some are entirely destitute of any such appendage. 

Q. What is the number of comets ? 

^. The number is not known.; about 500 have been 
seen at different times. 

Q. Are comets solid bodies like the planets ? 

A. They generally are not ; although some have been 
observed to have a dense nucleus, or head. 

Q. What is the nature of comets ? 

A. They are supposed tp be gaseous mattei, in the 
form of smoke, fog, or clouds. 

Q. Do comets shine by their own, or by re6ected light? 

Jl. They shine by reflected- light 

Q. Do they all, like the planets, revolve in the same direction 
around- the sun? 

^. They do not ; they revolve in different directions. 

Q. Are all their orbits within the zodiac? 

Jl. The^ are not ; their orbits are in all directions in 
the heavens. 

Q. How do many of them move when first seen ? , 

A. They appear to move in almost a direct line 
towards the sun. 

Q. Does their velocity increase as they approach the sun ? 

»d. It does; and when near it, they move with ira 
mense velocity, 

Q. How fast has a comet been known to move ? 

• Jl. 880,000 miles an hour. 

Comets. 

Comets were anciently viewed by mankind with astonishment and 
fear, as being foj;erunners of dreadful calamities, such as war, famine, 
or pestilence. Many ancient philosophers considered them* as only 
meteors in the atmosphere. Tycho Brahe was the first wlio showed 

that they -belonged to the planctaiy system, and revolved around the 

• 

sun. The orbits of all * the comets are very elliptical, so that they 
approach the sun almost in a direct line, and after being involved in 
the light of the sun for a sliort tune, depart from our solar system in 
nearly the same direction in which they approached, and remain for 
years, or even centuries, beyond the limit of the best telescopes. 

Very little is known of the physical nature of comets; the smaller 
comets, such as are visible only with telescopes, generally have no 
appearance of a tail, and appear like round or somewhat oval, vapor- 
ous masses, more dense towai*ds the centre ; yet they liave no distinct 
nucleus or solid body. Stars of the smallest magnitude are seen 
through the most dense parts of these bodies. It is very pix)bable 
that the luminous part of a comet is something of the nature of smoke, 
fog, or other gaseous matter. Halley's comet, which appeared in 
1456, with a tail 60 degrees in length, and spread out like a fan, has 
appeared periodically every 77th year, viz. : 1632, 1759, and in 1836 ; 
but it has exhibited no tail, or luminous appendage, since 1456. The 
comet which appeared 871 years before Christ, is said to' have covered 
a third part of the visible heavens^ A remarkable comet mflde its 
appearance 4? years before Christ, and was so bright as to be visible 
in the day time ; it was supposed, by the superstitious, to be the ghost 
of Caesar^ who had just been assassinated. The following are some 
of the most remarkable comets : — 

Comet of 1680, length of the tail, 123,000,000 miles. 
Do. 1744, « « 35,000,000 

Do. 1769, « « 48,000,000 

Do. 1811, « « 180,000,000 

bo. 1843, « « 180,000,000 
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ILLUSTRATED ASTRONOMY. 



COMET S.— Continued. 



QuuHon. What are the principal parts of a comet ? 

^8wer. The Nucleus, the Envelope, and the Tail 

Q. What is the Nudeus ? 

j1. It is the most dense or solid portion, sometimes 
called the head. (Ste the comet of 371.) 

Q, What is the Envelope ? 

jf. It is a luminous matter surrounding the Nucleus. 

Q. What is the Tail of a comet ? 

jf. It is a long luminous train extending off" from 
the head in the opposite direction from the sun. (See 
Note 1.) 

Q. What effect has the eccentricity of their orbits upon the motion 
of the comets ? (See Note 2.) 

j1. Their motion increases as they approach the sun 
and decreases as they recede from the sun. 

Q. What effect has the change of position upon their appearance ? 

Jl. Their tails usually increase both in length and 
breadth as they approach the sun and contract as tliey 
recede from the sun. 

Q. Is any thing known of their TempercUure f 

A. They must be very hot when near the sun. (See 
Note 3.) 

Q. What can you say of the size of comets ? 

A. Their Nuclei or heads are usually small, being 
only from 33 to 2000 miles in diameter. 

Q. Do all the comets revolre arpund the Sun continually ? 

A. It is the opinion of Astronomers that all the 
comets belong to our Solar System, but they are not 
prepared to announce it as a scientific discovery. 

Professor Niobol and Sir John Herschel are of opinion that tho greater number visit 
oar System but onoe, and then fly off in nearly straight lines till they pass the center of 
attraction between the Solar System and Fixed Stars, and go to revolve b round suns in 
llae far distant heavens. 

Q. How were comets regarded by the ancients ? 

A. As harbingers of famine, pestilence, war, and 
other dire calamities. (Note 4.) 

Q. What other fears have been entertained of comets ? 

A. That they might come in collision with our globe 
and dash it to pieces or burn every thing from its surface. 

Q. Is there really any danger of a comet striking the EarUi ? 

A. It has been determined upon mathematical calcu- 
lations that there is not more than 1 in 281,000,000 
of chances for a comet to strike the Earth. 

Q. What would be the effect if a comet should strike the Earth ? 

A. The only effect it would produce, is that it might 
infuse a gaseous matter into our atmosphere which 
might be injurious. (Note 5.) 

Q. Wliat is known of the Periodic times of comets ? 

A. The revolution of 8 or 9 have been determined. 
[Enck's comet, Si years; Biela's comet, 6 J years; 
Halley's comet, 76 years; Comet of 1680, 670 
years, and some otliers« 



NOTES. 

NoTB l.^Comets assume a great variety of shapes ; some appearing like an ei Ar- 
mous fan, others like a long sword or sabre ; but all curved more or less, and concaw 
towards the region from which they come. The Comet of 1744, represented on the 
opposite page, excited great attention. 

Note 2. — The orbits of Comets are very elongated, having their periheUon very 
near the Sun ; (soe diagram, page 45,) consequently as they approach the Sun tiieir 
Telocity increases rapidly by the increased attraction of the Sun,^and when at their 
periheUon they move with immense velocity. 

Note 3.— The Comet of 1680, came within 130,100 miles of the Sun, and must havt 
received 28,000 times more light and heat than the earth receives from the Sun. Sir 
Isaac Newton calculated the heat of this Comet to be 2,000 times greater than red hoi 
irotif and that it would require 2,000 years to cool ; he assumed that the Comet was a 

« 

solid body, which was not the fact. It is a generally conceded fact at the plresent 
day that the rays of the Sun to produce much heat, must come in contact with solid 
bodies ; and as Comets are of an extremely thin gaseous matter, the rays of the Sun 
may pass through them without produdug much heat, this is more probably the case. 
We find in ascending high mountains that the atmosphere becomes very cold which 
ought not to be the case if the rays of the Sun impart much heat to the atn^osphere 
in their passage through it. It is only when the rays of the Sun come in contact with 
the earth that much heat is produced. The density of comets is probably not so great 
as that of our atmosphere and as they have no solid Nucleus or heads, the probabili^ 
is that comparatively very little heat is produced by their near approach to the Sun. 

NoTB 4. — The Gomet of 1811, was regarded by the ignorant as the precursor of the 
War that was declared in the following spring between Great Britain and the United 
States. In some cases Comets have excited fears that the 4ay of judgment was at 
hajid, and that the comet was sent to bum i^ the world. In 1773, de Lalande of 
Paris announced to the Academy that there was great danger of the Comet which 
was soon to appear, striking the earth. It is said that in oonsequence of this an- 
nouncement when the Comet appeared, many persons of weak minds died of fright. 

Note 6. — ^A Comet by striking the earth would produce no more effect upon the 
motions of the earth than the clouds do in striking against high mountains ; besides our 
atmosphere would oppose a powerful resistance, being more dense than the comets, it 
is very doubtful, should a Comet strike the earth that it would penetrate to its surface ; ■ 
but it is more probable that it would be retained in the upper portions of our atmos- 
phere. It is very probable that comets contain no aqueous vapors ; but are simply of 
a gaseous matter, and it docs not follow A'om this that it would produce any evil con- 
sequences if it should be incorporated with our atmospheile. 



HAS THE EARTH PASSED THROUGH THE TAILS OF COMETSP 

It has been asserted by some astronomers that the Earth has on several occasions 
passed through the Tail of a comet, and in proof of this fact several cases of a singu- 
lar or peculiar kind of Fog have been noticed at several p^ods. The first of which 
any record is made was that of 1783, it began on the 18th of June and at places very 
remote from each other. It extended from Africa to Sweden, and throughout North 
an^ South America. This Fog continued more than a month. It did not appear to 
be carried to different places by the atmosphere; because in tome places it came on 
with a north wiud and at others with a south or east wind, it prevailed in the highest 
summits of the Alps as well as in *he lowest valleys. The rains which were very 
abundant in June and July did not appear to disperse it in the least. In Languedoc 
its density was so great that the Sun did not become visible in the morning till it was 
twelve degrees above the horizon ; it appeared very red during tho rest of the day and 
might be looked at with the naked eye. This Fog or Smoke had a disagreeable smell 
and was entirely destitute of any moisture, whereas most fogs are moist ; besides all 
this there was one remarkable quality in the Fog or Smoke of 1783, it appeared to 
possess a photphoric property, or a light of its own ; We find by the accounts of some 
observers, that it afforded even at mid-night a light equal to that of the f\ill moon, 
and which was sufficient to enable a person to see objects distinctly at a distance of two 
hundred yards, and to remove all doubts as to the source of this light, it is recorded 
that at the time there was a New Moon. 

Another remarkable Fog in 1831, which excited the public mind in all quarters of 
the globe, resembled so much that of 1783, that the description given of it, applies 
with equal force to that of 1831. 

Now let ua look at the facta. It must be acknowledged by all that these Foga orig^ 
inated from some uncommon cause ; now the next question is, to what causes shall we 
attribute the /o^5 of 1783 and 1831. Some have supposed that they were caused by 
irruptions of Mount Ilecla in Iceland, others have advanced the idea that an immense 
fre hall in penetrating our atmosphere was there but partially ignited, and that 
torrents of smoke were deposited in the higher n^ons of our atmosphere, and finally 
diffused through it. 

These explanations are very unsatisfactory. If the Foga were actually, produced by 
the earth's passing through any portion of a comet, we have no cause of fear from these 
bodies which have been for centuries a terror and dread to mankind generally. Vfe 
muxt wait pativntlv until lime dvvelupfi (he answer to nil qiicptionri which Astronomers at 
the preaeiit tiiuo aro unable to solve. The answers will surol^'Jae given in pioeeH of time. 
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LESSON XLV. 

ATMOSPHEBE. 
QueHifm. What is air? 

Answer. It is an elastic, invisible fluid, which sur- 
rounds the earth. 

Q. Of what, besides air, is the atmosphere composed ? 

A Of vapor, carbonic acid, and other gases. 

Q, Is the atmosphere of the same density as we ascend from the 
eartl ? 
A. It grows thinner or Ws dense. 

Q, What is the estimated height of the atmosphere ? 

A. About forty-five miles. 

Q. What is the pressure of the atmosphere upon the earth ? 

A. Nearly fifteen pounds to the square inch. (14.6.) 

Q, What is the weight of air compared with water ? 

A. It is 816 times lighter than water. 

Q. The pressure of the atmosphere is equal to a column of water, 
of what height? . . 

A, Thirty-three feet. 

Q. Of what is air'composed ? 

A. Of oxygen and nitrogen gases. 

« Q. In what proportions ? 

A. Twenty parts of oxygen to eighty parts of nitrogen. 



i>i'>A/\A/W\A/\/\/>/><»- 



LESSON XLVI. 

BEFBACnON. 

Question, What is refraction ? 

Answer. It is the deviation of the rays of light from a 
straight line. 

a. What is astronomical refraction? 

. ^. It is the deviation of the rays of light in their 
passage through the atmosphere. 

Q. What is the cause of this refraction ? 

A. It is caused by the incifease of the density of the 
atmosphere towards the earth. 

Q. In what part of the heavens is the light of a body most refracted ? 

A. In the horizon. 

Q. What effect does this refraction have upoii the sun at its rising 
and setting ? 

A. It makes the sun appear above the horizon when 
it is actually below it. (Se^ Diagram.) 

Q, Does this affect the length of the day ? 

A, It makes the day from sLf to ten minutes longer, 
from sun rise to sun set. 

Q» Is the light of a body refracted when it is in the zenith ? * 

uis It is not. (See Diagram.) 

Q. Wliat is twilight? 

A. It is that &.int light, seen before the sun rises and 
afiei it sets. 

Q, What is the cause of twilight ? 

A. It is caused by the atmosphere's reflecting the 
light of the sun. 

Q. Twilight ceases when the sun is, how far below the horizon ? 

A. Eighteen degrees. 



Q. What is the apparent place of a planet ? 

. A. It is the place where it appears to be when seen 
from the gurface of the earth. 

Q, Whal is the true place of a planet ? 

^. ' It is the place where it would appear to be if seen 
from the centre of the earth, or centre of motion. 

Q. Where is the parallax of a heavenly body the greatest ? 

A. At the horizon, and decreases to the zenith. 

Q, How are parallaxes divided ? 

A. They are divided into two kinds, diurnal and 
annual parallax. 

Q. What is diurnal parallax ? 

A. It is the apparent difference in the situation of a 
heavenly body when seen in the zenith and horizon 
of two places at the same time. (See parallax of Mars 
and Moon. 

m 

Q, What is annual pafdlax ? 

A. It is the apparent diffierence in the situation of a 
star as seen from the earth in opposite points of its 
orbit 

Q» Have the stars b^en observed to have any sensible parallax ? 

A. A few have been observed to hate a small paral- 
lax of a part of a second. (Noxri?— No parallax has 
been discovered in more than 30 or 40 of them.) 

Q, What is the cause of their having no appreciable parallax? 

A. Because they are at such an immense distance 
from us. 

Q. If the earth's orbit were a solid ring, how large would it appear 
when viewed from the nearest fixed star ? . 

A. Not as large as a lady's finger ring. 
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LESSON XLVII. 

PARATiT.AX. 
QuetUan. Wslit is parallax ? 

Answer. It is the difference between the apparent 
and true place of a heavenly body. 



LESSON XLVIII. 

LiaHT AND HEAT. 

« 

Question, What bodies produce light ? 

Answer. Luminous bodies. 

Q. Is light a substance thrown off from a luminous bodj, or is it 
caused by a vibratory motion ? 

A. It is probably caused by the undulations of an 
extremely subtle fluid. 

Q. In what direction are the rays of light thrown off from a lumi- 
nous body ? 

A. In straight lines, and in all directions. 

Q. With what velocity does light move ? 

A. About 192 thousand miles a second. (192,500.) 

Q. How was this amazing velocity ascertained ? 

A. By observing the eclipses of- Jupiter's moons. 

Qi In what proportion do the light and heat .of the planets increase 
or decrease ? • 

A. In inverse proportion to the squares of their dis- 
tances from the eun- 

Q. Which planet has the most light and heatj' and which the least ? 

A. Mercury has the most, and Leverrier the least. 

Q. J£ a board a foot square be placed one foot from a lighted '^sandle^ 
hqw many feet square would the shadow be upon' the wall, nine feet 
frx)m the candle ? 

A. Nine feet square, or eighty-one square feet. 

Q. What amount of light and heat would fall upon the one fodiand 
upon the 81 feet ? 

A. The same amount of light and heat wquM|yi^ upon 
each. 
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LESSON XLIX. 

TSBBESTBIAL AND OEIiBSTIAIi GLOBES. 
Question. What is a globe ? 

Answer. A globe is a round body or sphere. 

Q. . How many kinds of globes are there' used in astronomer ? . 

A. Two ; terrestrial and celestial globes. 

Q, What does the terrestrial globe represent ? 

A. It represents the earth. 

Q, What are drawn upon the sur&ce of the terrestrial globe ? 

A. Continents, islands, mountains, oceans, seas, rivers, 
republics, kingdoms, empires, &c. 

Q. What does the celestial globe represent r 

A. It represents the heavens as seen from the earth, 

Q. What are usually drawn on the celestial globe ? 

A. The constellations or stars, galaxy or milky way, 
and the figures of various animals and objects from 
which the constellations are nained. 

Q. What is a constellation ? 

A. It is a group of stars, to which is applied the name 
of some janimal or object. 

Q. What is the number of constellations ? 

A. Ninety- three. 

Q. In viewing the terrestrial globe, where is the observer supposed 
to be placed ? 

A. On its surface. 

Q, In viewing the celestial globe, where must the observer suppose 
himself to be placed ? 

A. In the centre, looking towards the heavens. (In- 
side^looking out.) 

Q, What is the gaJaxy or milky way ? 

A. It is a luminous belt fotming.a complete circle in 
the heavens. 

Q, Of what is the galaxy or milky way composed ? 

A. It is a vast number of stars, so far distant from us, 
and situated so nearly in the same direction, as to 
appear like a thin cloud. 

Q, What is the position of the milky way in the heavens ? 

A, It extends from northeast to southwest through 
the whole circumference of the heavens. 

Q. What are the celestial poles, or poles of the heavens ? 

A They are the points where the earth's axis, if 
extended, would meet the heavens. 
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LESSON L. 

Question, What does the plane of the equator form, when extended 
to the heavens ? 

Answer. The equinoctial or celestial equator. 

Q, At what angle do the ecliptic and equinoctial intersect each other ? 

A. At an angle of 23i degrees. (23' 27'.) 

Q, What does the plane of a meridian form when extended to the 
heavens ? 

A. A celestial meridian or circle of declination. 

Q» What are measured on celestial meridians ? 

A. Declination and polar distance. 

Q, What is the declination of a heavenly body ' 

A. It is its distance from the equinoctial, nortn or soutn. 

Q. To what are the declination and polar distance always equal ? 

A. They are equal to 90 degrees, or a quarter of a 
circle. 

Q. What is the right ascension of a heavenly body ? 

A. It is its distance east of the first point of Aries 
measured on the equinoctial. 



Q. What angle expresses the right ascension ? 

A. The angle between the meridian passing through 
the body, and the one passing through the first point 
of Aries. 

Q. How far is right ascension reckoned ? 

A. 360 decrees, or quite round the heavens. 

Q, What are circles of Jatitude on the celestial* globe? 

A. They are great circles which pass through the 
poles of the ecliptic, and cut its plane at right angles. 

Q. What is the latitude of a heavenly body ? 

A. It is its distance north or south of the ecliptic, 
measured on a circle of celestial latitude. 

Q, What is the longitude of a heavenly body ? . . 

• A. It is its distance east of the first point of Aries, 
measured on the ecliptic. 

Q. What^ angle expresses the longitude ? 

A. The angle between the circle of latitude passing 
through the body, and the one passing through tne first 
point of Aries. 

Q. Where is this angle formed ? 

A. At the poles of the ecliptic, where the circles of 
latitude intersect each other. 

Q, How far is celestial longitude reckoned ? 

A. It is reckoned 360 degrees. • ' 

• m 

LESSON LI. 

« 

Question, What is a vertical cirde ? 

Answer. It is a great circle in the heavens, passing 
through the zenith and ^adir, and cutting the horizon 
at right angles. 

Q. What vertical circle is the meridian ? 

A. It is that vertical circle; which passes through the 
north and south points of the horizon. 

Q, Which is the prime vertical ? 

A. The vertical circle which passes through the east 
and west points of the horizon. 

Q, What are measured on the vertical circles ? 

A. Altitude and zenith distance. 

Q. What is the zenith distance of a heavenly body ? 

A. It is its distance from the zenith. 

Q. To what are the altitude and zenith distance always equal ? 

A. They are equal to 90 degrees. 

Q. What is the azimuth of a heavenly body ? 

A. It is its distance east or west of the meridian. 

Q, What angle expresses the azimuth ? 

A. The angle between the meridian and the vertical 
circle passing through the body. 

Q, What is the amplitude of a heavenly body ? 

A. It is its distance north or south of the prime vertical. 

Q, What angle expresses the amplitude ? 

A. The angle between the prime vertical, and the 
vertical circle passing through the body. 

Q. Where are the angles expressing azimuth and amplitude formed ? 

A. At the zenith vdiere the vertical circles intersect 
each other. 

Q, On what circle are these angles measured ? 

A, On the horizon. 

Q» To what is the sum of the azimutli and amplitude always equal ? 

A. They are equal to 90 degrees. 

[The diagram can be used to illustrate azimuth, amplitude, altitude, 
and zenith distance, by supposing the ecliptic to represent the ciJestial 
horizon, and the circles of celestial latitude to represent vertical circles, j 
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LESSON LII. 



STABS. 



QueHian. What are those stars called which always appear to be 
in the same situation with respect to each other ? 

Answer. They are called the fixed stars. 

Q. What are the fixed stars supposed to be ? 

A. They are supposed to be suns like our own, with 
planets revolving around them. 

Q. Are the stars luxainous or opake bodies ? 

A, They are luminous bodies. (Astronomers have 
no doubt on this point) 

Q. Are all the stars of the same magnitude as the sun ? 

A. They are not; some are larger, and others no 
doubt smaller than the sun. (Note 1.) 

[ ^ From the orbital motion of the double star 61 Oygni, compared 
with its distance, Bessel has concluded that the conjoint mass of its two 
individuals is ' neither much more nor much less than half the mass of 
our sun.' From the photometric expeiiments of Wollaston, on a (Al- 
pha) Lyrae, compared with what we know of its distance, its, actual 
emission of light may be gathered to be not less than 5^ timed that of 
the sun. Sirius, which is nine times as bright as a Ljrse, and whose 
]>arallax is insensible, cannot, therefore, be estimated at less than 100 
suns." Edinburgh Review.'] 

Q. What is the distance of the nearest fixed star, a (Alpha) Centauri ? 

A. It is SO far distant that a cannon ball going 500 
miles an hour, would take four millions of years to 
reach it. 

Q. What is the number of stars whose distance is imperfecilj 
known to us ? 

A. About 35 ; seven of which have their distances 
determined with considerable certainty. 

Q, Do all the stars remain of the same brilliancy ? 

A. They do not; some exhibit a periodical change 
in their light. 

Q. What is supposed to be the cause of this change in their light ? 

A. The revolution on their axes is supposed to pre- 
sent, alternately to us, sides of different brightness. 

Q, What are those stars called which appear to be surrounded by 
a thin atmosphere ? 

A. Nebulous stars. 

Q. Do stars ever disappear, or new ones become visible ? 

A Thirteen stars have disappeared, and ten new ones 
become visible, during the last century. (Note 2.) 

Q. What is supposed to be the cause of their disappearance ? 

A. They have pfobably ceased to be luminous. 

Q. How da astronomers acco*mt for the appearance of new stars ? 

A. Opake bodies may have become luminous, or new 
suns may have been created. 



LESSON LIII. 

Question. What do the milky way and the single stars that are 
visible to the naked eye, including our sun, constitute f 

Answer. They constitute an immense cluster, or fir- 
mament, entirely distinct from the other clusters or 

nebulae of the heavens. (Fio. 1.) 

* 

Q. What is the shape of this great cluster or firmament ? 

A. It has the form of a wheel or burning-glass. 



[The stars extend much farther in th& direction of the plane of the 
milky way, than they do at right angles to it. See Diagram.] 

Q. Wha: is the number of stars in our cluster? 

A, They have been variously estimated from 10 to 
100 millions. 

Q. By what term do some astronomers designate our cluster or 
firmament? * 

A. They call it the universe. (Note 3.) 

Q. Do the fixed stars have any apparent motion ? 

A They do, but it is so slight as not to be easily 
detected. 

Q. Around what, are all the stars in our cluster, including the soiiy 
supposed to revolve ? 

A. Around the common centre of gravity of the 
cluster. (Fig. 1.) 

Q. What group of stars is thought to be near the- centre of the 
cluster? 

A. The Pleiades, or seven stars. (Dr. Maedler.) 

Q. In what part of the cluster is the solar system situated ? 

A. It is comparatively near the centre. 

Q. How far from us is the centre of the cluster supposed to be? 

A. About 150 times the distance of the nearest fixed 
star. ' . 

[Light is about 8 minutes in coming fW>m the sun ; about 3^ years 
in coming from the nearest fixed star, a Centauri ; about 500 years in 
coming from tfie supposed centre of the cluster ; and about 5,000 years 
in coming from the most remote stars in the cluster.] 

Q. How long will it take the sun to revolve around this centre of 
gravity? 

A. About twelve millions of years. 

Q. What other motion have some of the stars, besides around the' 
centre of the cluster? 

A, Midtiple stars, consisting of two or more, revolve 
likewise around their common centre of gravity. 

Q. What is the number of these multiple stars ? 

A. About 6,000 have been observed. 

Q, Do these stars appear double to the naked eye ? 

A. They do not; the most, require a good telescope 
to separate them. 

Q. When multiple stars consist of but two, what are they usuaDy 
called? 

A. Double stars, or binary systems. 



Non 1<— Astronomera, until reeently, oonilderad all the itan to be of sbn«t die eeme migttl- 
tade, and probably a» lai^ aa the ran ; and that the atari of the first magnitude owed their Ml- 
Uanoy to their being nearer to us; but It has been tmnd that the trlghteat star (Snn») fat tli* 
whole heaTena, and ichieh waa conaldered to be the nearest fixed atar* la at a much greater dli- 
tanee than aoae of the smaller stars. This dearly damoostntea thai they an of Teiy uDtqwd 
magnitode. 



Non 2.— There are now seTen or eight well<*tteated caaes of fixed stars soddenly glowing fcr • 
time with such brilliancy aa to be risible in the day time, through the Intensity of their light; 
then gradually (hdlng away, and becomjng entirely ectlnet. Laplaob thinks that some gnat 
eooliagrafiions, produced by aztraordinary eausea, have takan place on their surfiMw. 

Non 8.— The term nnlTeno, waa until reoantiy uaed to denote the whole creation of Goo^ and 
waa nerer used in the plural nnmbei' : but astronomers use the term to denote an Immense firma- 
ment or duster of stars, entirely dintinct fh>m other clnster»—of which there are many thouaandi 

. Tisible with the telescope— and are at an Inusenad distance firom each other. Hence in speaking 

I of theae dusters, they call them unlTerssa. — [Pxov. Mitohbi»] 
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LESSON LIV. 



QueiHan. What appearance has a nebula ? 

Jlnsfjoer. A nebuJa appears like a spot of pale light 
seen in the heavens. 

Q. Of what are the nebulae composed ? 

Jl, The most of them are great clusters of stars, so 
iar distant as to appear like a thin cloud. 

Q. Are there many of them? 

Jl. About 6,000 have been discovered. (Note. — 
Their number is * probably much greater ; perhaps 
infinite.) 

Q* What 18 the distance to these nebulsB ? 

' Jl. Some of them are said to be so far distant, that 
light, travelling 192 thousand miles a second, would 
not reach us in less than 30 millions of years. [Pbof. 
Mitchell.] 

Q. Are they visible to the naked eye ? 

^. Only a few are seen without a telescope. 

Q. How large do they appear when viewed with a telescope ? 

'Jl. Some of them appear as large as one tenth of the 
disc of the moon. 

Q. Are these nebulae seen in all parts of the heavens ? 

Jl. They are, although they are more numerous in a 
narrow zone, circumscribing the heavens, at right 
angles to the milky way. • 

Q. Jnto how many classes may nebulae be divided ? 

Jt. Into five classes, viz., resolved nebulae, resolvable 
nebulae, stellar nebulae, irresolvable and planetary 
nebulse. 

Q. What are resolved nebulae ? 

.^. They are those which have been discovered with 
the telescope to be great clusters of stars. 

Q. What are resolvable nebulae ? 

Jl. They are those which are considered to be com- 
posed of stars, but are so far distant that the telescopes 
have not as yet resolved them. 

Q. What are stellar nebulae ? 

Jt. They are those of an oval or round shape, increas- 
ing in density towards the centre. (Note. — They 
sometimes present the appearance of having a dim star 
in the centre.) 

Q. What are irresolvable nebuke? 

^. They are those which are. considered to be lumi- 
nous matter in an atmospheric Tstatei condensing into 
solid bodies like the sun and planets. 

Q. What are the planetary nebulas ? 

Jl. They are those which resemble the disc of a plan- 
et, and are considered to be in an uncondensed state. 

Q. Are all nebulae beyond our cluster ? 

A. They are, except the milky way, and nebulous stars. 

Q. By what general term do. astronomers designate each nebula or 
shister? 

^. They call each nebula a Universe, or Firmabcent. 

Q What can yoii say of the great nebula in the Greyhounds ? 

Jl. It resembles our own cluster, or firmament of 
stars. 

Q. What can you say of the great nebula in Orion ? 

Jl. This nebula was considered to be luminous mat- 
ter in an uncondensed state, but it has lately been dis- 
covered to be stars by Lord Rosse, with his powerful 



telescope. (Note. — ^This nebula is visible to tht 
naked eye. ) 

Q. What is the probable cause of many of the nebulae appearing 
elliptical or elongated ? (See Diagram.) 

Jl. It is probably caused by the edge of the nebula 
being turned more or less towards us. 
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ORiem OF THB SOI«AR STSTBH. 

Miinr theories hare been piopoimded at dUfeivnt periods (rf the hlsto^ 
Uie original formation of oar Solar System, as well as all other suns and systems, whleh it has 
pleased the okxat cesatok or all thoivs to call into exlstonoe, but no one has gained so great 
IkTor, or excited so riolent opposition, as the theorj first proposed by Sir William Herseh^ wd4 
afterwards more especially aiiplied by the celebrated La Place to the formation of the solar qrstem. 

This theory may be thns stated :— la the be^ning all the matter composing the son, planets, and 
satellites, was diirased throngh space, in a state of exoeedln^y minnte dirision, the nltimate parti* 
eles being held asunder by the repulsion of heat. In process of time, under the action of graritap 
tion, the mass assumed a round or globular shape, and the partides tending to the centre of grsTi^. 
a motion of rotation on an axis would commenob. The great mass, now gradually oooling and 
eondenslng, must increase its rotary motion, thereby increasing the centriftigal ferce at the equator 
of the rerolving mass, until, finally, a ring of matter Is actnaily detached firom the equator, and 
is left roTolring in space by the shrinking away from it, of the Interior mass. If now we fUknr 
this isolated ring of matter, we find erery reason to beliere that its particles will gradually coalesoa 
into a globular form, and in turn Ibrm satellites, as if it was Itself fbrmed. It is unnecessary to 
pursue the reasoning ftirther, for the same laws which produce one planM firom the eqaat<v of 
th^ central rerolring mass, may produce many — until, finally, the process is ended by a partial 
solidification of the central mass, so great, that grarity, aided by the attraction of cohsaloa, Si 
more than soffldent to resist the action of the centriftigal force, and no ftuther change oocurs. 

It has been urged in fltror of this theory, that it accounts for the striking peculiaritEes which are 
found in the organisation of the solar system. That the rings oC Saturn are posltiTe proofii of tha 
truth of the theory, they haring oooled and condensed without breaking. That Uie Indirldnala 
constituting a system thus produced, must reTolre and rotate as do the planets and tatellltes, and 
in orbits of the precise figure and position, as ttiose occupied by the planets. It aoeounts far tha 
rotation of the sun on its axis, and presents a solution of the strange appearance connected with 
the sun called the Zodiacal Light. It goes further and accounts for the formation of single, donbls^ 
and multiple suns and stars — and by the remains of chaotic matter in the interstioes belwesb tlMi 
stars, and which are finally drawn to some particular sun, whose influence in the end preponder* 
ates, accounts for the comets which enter our system trom erery region in space. 

In support of this theo^ it has been urged that the comets, in their organtntliw, p rese n t us 
with specimens of this finely dirided nebulous or diaotlc' matter^— and that the teleaecqjw rsrealt 
cloudy patches of light of indefinite extent, scattered throughout space, which giro eridence ol 
being yet unformed and chaotie. That many stars are found in which the bright nucleus or osatrt 
is surrounded by a halo or base of nebulous light, and that round nebulous oodles era seen wltti 
the telescope, of an extent vastly greater than would flU the entire spaoe encircled by the eadr- 
mous orbit of the planet La Terrier, or baring a diameter greater than 7000 millions of miles. 

Such are a Ibw of the arguments in support of this mos^ extraord in ary theory. We now prsaeat 
the otiJeetions which hare been most strongly insistod on* The retrograde motions of the satsIUtet 
of Herschel, and their great indinatiou to the plane of the ecliptic cannot be aooonnted for. by this 
theory. That computation shows that no atmosphere of uncondensed nebulous matter can eztnid 
to so great a distance fhHn the sun, as does the matter composing the Zodiacal Light, and, finally, 
that the nebulous matter in the hearens will ultimately be resured into immense congeries and 
clusters of stars, whose great distance has hitherto defied the power of the best instruments. 

In reply to the first tibfection, the friends oi the theory' doubt the fkets with refereaee to tlM 
satellites of Herschel. They reply that the matter composing the Zodiacal Light, being in the 
nature of cometary matter, is thrown to a greater distance firom the sun than grarity would war> 
rant, by that power residing in the sun which is able on tha ^nroach of comets to project tboaa 
enormous trains of light, which sometimes render them so wondiBrftal. As to Uie last oq|ectlon,it 
is uripBd that although many nebnlsB will donbtless be reeolred Into stars, by using more powernd 
teleaoopes, jret that these same telescopes will reresl more new nebulss which cannot be reeolred. 
than they will resolre— and as to the e;cistence of nebulous matter, it Is perftctiy demcms^rated 
by the physical orgalbiaation of comets, and the existence of nebulous stars. 

Suoh was the state of the Astronomical argtmient, when Lord Rosse*s Great Reflector was first 
applied to the exploration of the distant regions of spaoe. In a religious point of riew, this theory 
had exeited no small amount of discussion, in consequence of its supposed Atheistical tendwdea. 
The friends of the theory contend that it was no more Atbeistical to admit the formation of tha 
unirerse by law, than to acknowledge that it is now sustained by laws. Indeed since we moat go 
to the first gi-eat cause for matter in its chaotic state, as well as for the laws which gorem matter, 
that this theory gare to us a graoder riew of the omniscience and omnipotence of God than eoola 
be obtained from any other source. In fine, that it harmonised, with the declaration of Scriptnrs^ 
which tells us that ** In the beginning €k>d created the hearons and the earth, and the eartn waa 
urUh out ftrm and v0id." If the earth came Into existence in its present condition, then It hfed farm 
and was nH void. Hence, this first grand declaration of the ins|^red writer must refor to tha forma- 
tion of the matter, of which the hearens and earth were aftoirards formed. Soma went to Sum 
to trace out dimly a fiill account of this theory in the order of creation, as laid down in Geaesla, 

Let us now proceed to the discoreriea of haid Rosse. and their influt nee on this greatlr diq;nitaa • 
theory. The space penetrating power of his six feet reflector is much greater tnan that of Hr. 
William Herschel's great telescope, and It was antidpated that many nebulss which were nnra* 
solved into clusters of stars by Herschel. would yield under the greater power and! light of Lonl 
Rosse's telescope. This has proved to be the fkct. TAry many nebuls hare been remored IkMi 
thoir old plaoea, and must hereafter figure among the dusters, while we are informed that muij » 
yet remain, even of the old nebulie, whidi deiy tne power of the monster teleeoope. 

The mo4t remarkable object which has been reeolred by Lord Roase, Is the great nebula fn 
Orion, one of the most extraordinary ol|Jects in the hearens. (Sxs Duoram*) Its nxe is enormoQS^ . 
and its figure rery extraordinary. In certain parts adjoining the nebula tne heavens are^ Moei, 
either from contrast or by the vacuity of these tegl^ps. Tiro Immense spurs of light are seen ta 
project firom the principal mass of the nebula, and Up extend to a most extraordinary disfao&k 
This will be better understood, by lememberlng that .at the distance at which this nebula is t&- 
moved trom ns, the entire diameter of the earth^s orbit, 190 mlUioift of mileS, is an invisible polnL 
less than one second, while this nebula extends to many thousands of times thia distance, and - 
more probably to many millions of times. 

Several stara have been found, and are vidble on the nebula, but have hitherto been regarded is 
being between the eye of the observer and this remote ol^eet Sir William Herschel was oni^la 
to resolve this mysterious body, and yet the nebul\ gave indications of being of the resoltlinls 
kind, by its Irregular and cumlled appearance under high powers. Several years since Dr. J 
Lament, of Munich, after a rigid scrutiny of this nebula with his great Reflraetor, prononneed a 
portion of it to be composed of minute Millar pcinU, and predicted its final perfect resolution Into 
stars by greater power. Thir prediction his beien fhlly verified, for Lord Udsse*s great Reflaotor 
has solv^ the mystery, and filfed this extraordinary otjeet with the "jewelry of stars." 

But the question recurs, x^hat have the defenders of the nebular theory lost, or its eaemisa 
gained by this Interesiting dtsoovery f We are all liable to reach conclusions too hastily, and-to ■ 
Join issue on fklse points. ■ If the nebular theory dependetl for it4 uxtxtence upon the irreeohabil!^ 
of the nebula in Orion, then 'indeed has the theory been entirely exploded. But this is not tM 
fiMst. No one has asserted that the great nebula in Orion was neJtuUms matter ^ aiid if it were not, 
then none existed. Such an issue -would have been a false one, had it been made. 

The theory has neither lost nor gained by the discoveries thas far made; what time may derel* 
ope it is impossible to say. In case certain data can be obtained, whlrh ap|)«nr to l)e a<-cessibkL 
then indeed may we demonstrate its truth or falsehood, by m;ithoniatiiral invef>tigatinn. Untfl 
then, Uie safer plan is neither to adopt nor r^ect.but Investigiiti' until nboolute truth shall reward 
onr Ion7 continued labor, and reveal the mystery of the orgauizalion of tbnt stupendous Hystem,off 
' which our humble planet forms an insignificant part. 
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ILLUSTRATED ASTRONOMY. 



DESCRIPTION AND USE OF THE SIDEREAL MAPS. 



' ' 



These Maps have been drawn bj the Author with great care, in 
order to insure perfect accuracy in their representations of the heavens 
at the times specified in the annexed tables. They liave been con- 
structed to show the sidereal hemisphere visible on the parallel of lati- 
tade and meridian of New York (Citj.) To insure the greatest amount 
of accuracy, the stereographic projection has been made use of, because 
of all projections that occasions the least possible disarrangement of the 
relative positions of the stars and the angles they form one with ano- 
ther. There is a difficulty in reducing a concave or globular surface to 
a plane without distortion taking place somewhere ; and in the projec- 
tion here adopted a little compression will be found, gradually increasing 
from the horizon to the centre of the map. The constellations near the 
zenith will be found to be somewhat smaller, and the stars nearer 
together, than when near the edge of the map or horLion. Several 
stars often appear in the heavens, so as to form a group, pre^senting 
the appearance of a triangle, a rhomboid, trapezium or parallelogram : 
these figures are more correctly preserved by this projection than by 
any other which might have been made use of. The centre of each 
map represents the zenith on the parallel of New York, or that point 
in the heavens directly over the observer's head at the time specified 
in the annexed tables. They will answer equally well for any place 
within the United States, by making an allowance for the situation of 
the place north or south of the parallel of New York. For instance, 
to an observer at Washington, the zenith, as represented on the maps, 
would be about 3 j- degrees to the north of his zenith ; also, to an 
observer at New Orleans the zenith of the maps would be about 1 2 
de^es to the north : at Quebec the zenith of the maps would be about 
6 degrees to the south ; but to all places in the New England, Middle, 
and Western States, the variation would be so small that it would 
hardly be perceptible, unless by accurate observation. As we go north 
or south our sidereal hemisphere is continually changing. If we go 
north new stars seem to emerge from the northern horizon, while those 
near the southern horizon disappear below it ; and if we should conti- 
nue our journey to the north pole, we should find the north star in the 
zenith, or directly over head, and that the stars visible to us did not rise 
nor set, but described circles around the north star every 24 hours ; 
these circles increasing in diameter, according to the distance of the 
star from the north star. To a person thus situated, the equator would 
be in the horizon, and he would see none of the stars in the southern 
hemisphere. If there were inhabitants at the south pole they would be 
similarly situated with regard to the stars in the southern hemisphere ; 
they would never see the stars on the north side of the equator or in the 
northern hemisphere, nor would the stars in the southern hemisphere 
ever set to them. To the inhabitants at the equator, the whole of the 
stars, from pole to pole, would rise and set perpendicularly to their hori- 
zon once in every 24 hours. As the equator has no latitude, so has 
its zenith no declination, because the celestial equator is directly over 
it on a line from east to west. If an observer moves towards either 
pole from the equator, for every degree of his progress his zenith will 
have just so many degrees of declination, and as many degrees can he 
see beyond the pole towards which he is advancing ; and he will lose 
sight of the pole from which he is receding in the same proportion. 
For example, as the inhabitants of New Yoik are situated near 41 
degrees north of. the equator, their zenith is elevated 41 degrees above 
the celestial equator ; and it follows that the inhabitants on the ] aral- 



lel of New York can see all the stars within 49 degf'ees south of the 
equator — for 41® added to 49" makes 90" — the distance from the zenith 
to the horizon ; also between the zenith of New York and the north, 
pole, are 49 degrees ; requiring 41 degrees beypnd the pole to mak^ 
up the complement of 90 degrees ; consequently the stars 41 degrees 
beyond the north pole never set to the inhabitants living on the parallel 
of New York, but describe circles, or appear to revolve around the 
pole star every 24 hours. 



EXPLANATIONS, SHOWING THE MANNEB OF USING 

THE MAPS. 

The pupil should be particularly instructed in the manner of using 
these maps, or they will be inclined to- use them in the same manner 
as they do the maps of a Geography or Atlas, which will confuse and 
confound them. In using a geographical map the pupil is instructed to 
face the north, and lay the map before him ; then the top represents 
the north, the right hand east, &c. : but it will be observed, that if this 
mode be adopted with these maps, the right hand represents the west 
and the left hand the east Each map is intended to represent the 
whole visible heavens at the time given for observation ; hence, if we 
face the south, and hold the map up over the head, with the pole star 
directed towards the north star in the heavens, it will then represent 
nearly the condition of the heavens. In viewing the stars south of bur 
zenith, face the south, and hold the map up in front of the eye ; but in 
viewing, the stars to the north of our zenith, face the north, turn the 
map bottom upwards, and hold it so that the pole star on the map shall 
correspond with the pole star in the heavens, then the stars on the map 
will indicate the positions of the stars in the heavens. In viewing the 
stars to the east, face the east, and hold the map up before the eye, with 
the top turned towards the north ; the map will then indicate the correct 
positions of the stars ; also, in viewing the stars to the west, face the 
west, and hold the map up before the eye, with the top turned towards 
the north. Great care should be taken when an observation is made, 
so as not to mistake the planets Venus, Mars, or Jupiter, for fixed stars. 



DIBECTIQNS FOB FINDING THE NOBTH STAB, AT 

ANY TIME. 

Evert pupil should b6 instructed in the manner of pointing out the 
North Star at any time of the night If they are enabled to do this at 
any time, it will assist them in making other important observations, as 
well as being of use on many occasions which occur in the life of every 
man. Many persons have befii lost in a pratrie or other unfrequented 
places, when if they had been able to have told the points of the com- 
pass, they could have extricated themselves from their lost situation. 
This may be done in a very easy manner. There is hardly a child of 
10 years of age who cannot at any time of night point out the stars in 
the Great Bear which form what is called the Great Dipper. Now 
if an imaginary line be drawn through the two stars which form the 
front edge of th Dipper, from the bottom towards the top, and continued 
about 20 degrees, it will pass very near the North Star — so near that 
it cannot' be mistaken, there being no other stars of that magnitude 
near it It should be borne in mind that this rule holds good in what- 
ever position the Dipper may be at the time. 



ILLnSTRATED A3TK0N0MT. 



PRINCIPAL CONSTELLATIONS VISIBLE, FROM JANUAllY H TO APRIL 17. 



Vrsa B^jor. the Great Sear.— The flnt seven stars in 

this constellatioQ form what is called the Great Dipper. It ii situated 
about 16 degrees north of the zenith, and a tittle to the east of north. 
It is exactly bottom upwards, with the handle towards the east. There 
are four stars which- form the dipper, and three in thu Tail of the Bear, 
which form the handle. These stars cannot fail to be recognized at a 
glance. Six of these stars are of tbe second and one of the third mag- 
nitude. . The first two, <•, 6., are called pointers, as a line drawn 
through thetn towards the horizon would pass very near the North Star, 
which is about 30 degrees from them towatda the horizon. 

TTrsa ISlnor, the Iilttle Bear. — The stars in this constella- 
tion form a figure called by some a Wagon, and by others the Little 
Dipper. It is north of the Great Dipper and eaat of the North Star, 
whi.:h is in the end of the handle. The North Star is at the end of the 
tail of the Little Bsah. 

Taurus, the Bull. — ^The star a, or Aldebaran, te one of the-^rst 
magnitude, and is in the right eye of the Bull ; hence, it is sometimes 
called the Bull's Eye. This constellation is situated nearly west, and 
about 20 degrees above the horizon. The cluster of stars on the head 
of the Bull is called the Hyades. There is a small clnsler of stars on 
the neck of the Bull, and north of the word Taurus on the map. It 
consists of seven stars, very near together. This group is called the 
Pleiades, or Seven Stars. Six of these stars only are Wsible to the 
naked eye. 

Orion. — This is one of the most remarkable constellations in the 
heavens, and was familiarly known to the ancient writers. Job and 
HoUKR. It contains two stars of the first magnitude, Betblgecsb on 
the right shoulder, and Riqel on the left foot, of Orion. Half way 
between these two stars are three stars in the girdle,' in a right line, 
forming Jacob's Stafl", or the Three Kings, as they are sometimes called. 
There is a large nebula seen in this constellation, or rather through 
it, as the nebula is at an immense distance beyond the stars- Accord- 
ing to fable Orion was a mighty hunter, who accompanied Diana and 
Latona in the chase. 

Gemini, the Twins. — The two principal stars in this con'stella. 
tion arc (<•) Castor and (^) Pollux ; one in the head of each Twin. 

Oania Minor, the Uttle Dog- — This constellation contains 
two large stars, (o) or Procyon, of the first, and (^) Mirza, of the third 
magnit^e, besides several small stars- This constellalion was said 
to be one of the hounds of Orion. 

Oanifl M^OT, the Oreat Dog. — ^This conste11.i..'on is to the 
southeast of Orion, and contains the star Sinus, the brighlesl siar in- 
the whole heavens. Thid is said by the Greeks to be one of Orion's 
hounds — but the Egj^ptians, no doubl. gave it the name of Dou, from 
the fact that it gave them warning of the approach of the inundation of 
the waters of the Nile. When this star was seen in the direction of 
the source of the Nile they moved back from the river upon the high 
ground — and as the dog was ever watchful to announce the approach 
of danger, they gave the same name to this star, which they fiincted 
warned them, although siltnily, of approaching danger. 

Xieo M^Jor, the Great Uod. — The principal star in this con- 
stellation is (") or Rkgulus: it is on the meridian at ihe time for 
observation, and aiiout 30 degrees south of the zenith. There are 
several bright s'ars in this constellation. The stars in the head and 
neck form a curve somewhat like a sickie, Regulus Ijeing in (he end of 
the handle, Ttiis Liun was supposed to be a melai^orphosis of the 
Nemffian Lion, which was slain by Hercules. 

Bootes, the Herdsman.— This is a very iarge constellalion, f 
southeast of llie Great Bear. The principal stars are (•>) Arcturus, of j 
the first mugniliide, and {f) Izar of the Kccond magnitude. This star is 
situated in the Belt of Bootes. This constellation is of great antiquity ; 
•o iDucb so that it is doubtful from whence it derived its name. Bootes I 



is represented as walking, holding in his right hand a spear, and in his 
lell the leading cords of the two dogs Asterion and Chara, which seem 
to be bariiing at the Gsbat Beak. 

Tiz|^, the Virgin.— I'his constellation is east of Leo- Tb« 
principal star is (a) Spica, of the first magnitude, id the ear of com, 
which the Virgin holds in her leA hand, and is the only bright star in 
this constellation. The position of this star has been determines with 
great exactness for the benefit of navigators. It it situated within the 
zone, in the heavens traversed by the moon. The moon's distance 
from the star is used for determining ibe longitude at sea- According 
to the ancient poets, this constellation represented the virgin Astrsea, the 
goddess of Justice, who lived upon the earth during the golden age ; but 
being otTended at the wickedness of mankind, during the brazen and 
'iron ages of the world, she relumed to heaven, and was placed among 
the constellations of the zodiac, with a pair of scbles (Libba,) in one 
hand and a eword in the other. 

OorvUB, the Grow. — This is a small constellation south of the 
virgin. It contains four bright star^, forming a trapezium or irregular 
square. The brightest of the two upper stars, on the left, is called 
Alookab, in the east wing of the crow. The crow, it was said, was 
once of the purest white, but was changed to black, its present color, as 
a punishment for tale bearing. 

Corona Borealis, the Northern Grown. — This is a small 
constellation between the head of Bootes and Hercules. It maybe 
distinguished by six principal stars, which form a circular figure, resem- 
bling a wreath or crown. This beautiful cluster of stars was said to 
be in commemoration of a crown presented by Bacchus to Ariadne, 
the daughter of Minoi, second king of Crete. 

Draco, the Dragon. — This constellation coils its fore part around 
the pole of the Ecliptic, and its tail around the Pole Star, In conse- 
quence of its various windings, perhaps U may be found difficult to be 
traced. According to &ble. Draco, toe oflsprtng of Tvpbon, with a 
hundred heads and as many voices, was (he guardian of the golden 
apples that grew in the garden of Hesjierides. He was slain by Her- 
cvLEB, who obtained the apples, and piesenied ihem to ErsrsTiiBUs. 

Oanea Tenatid, the Orer Hounds. — This constellation con- 
tains only small stars. These two hounds, which Bootes leads with a 
small cord, are named Astehion and Chaba- 

Ooma Berenlcee- Berenices Hair. — This is a small constel- 
lation between the Greyhounds, on the north, and the Vii^n, on the 
south. It contains only small stars. 

Oratar, the Cap. — This cup is south of the Gbeat Lion, and 
east of the Chow. It contains' seven stars, so situated as in some 
degree to resemble the outline of a cup. Recording to fable, Jupiter 
sent the Crow with a cup to fetch water ; but the bird being of a 
vagrant disposition, wasted his time, and returning without the water, 
[old Apollo that the stream was guarded by a venomous serpent. To 
punish the Crow fur this falsehood, Apollo placed him apposite the cup, 
and commanded the serpent never to allow him to drink. 

Hydra, the Water Serpent. — This is a very long constella- 
tion, etlending over 100 degrees from west to east. It may be known 
by four small stars south of the Crab, and nearly west of Rbovi.us. 
This was supposed to be the Lernxan Hydra, which Hercules slev" 

Sextans, the Sextant. — This constellation was formeu or 
Hcvclius of stars not included in the other adjacent constellations. It 
contains only small stars. 

Argo Navis, the Ship Al^O.— This constellation is in the south- 
ern horizon. The head of thfe ship may be known by a small cluster 
of stars about IS degrees of the dog i\^{ Smius. The greater pnrt 
of this constellalion is below (he horizon. Simie said this was the cele. 
brated ship in which Jason and his comiiani'in^ went to Colchis, in 
quest oi'the golden fleece, which had fled fmin Greece. Others main- 
tained that the ship Aroo was no other than the Auk of Noah. 
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MAP, FROM JANUARY 21 TO APRIL 17. 

[ ly The Stars and Constellaiions upon this Map will occupy the exact positions in the heavens as they are laid down 
on the Map, at the times for observations, as specified in the table. ' The centre of the Map represents the zenith of New- 
York, or any place situated upon the parallel of latitude of 41® north. By occasional observations with these Maps, the 
. pupil will become familial with all the Stars of the first magnitude as well as the principal Constellations. The great advan-r 
tage these Maps have over all others, is, that they show the whole* visible heavens at the time given for observations, and the 
exact positions of the Stars from the observer as well as from each other. For example :— On the 21st of January, at 1 
o'clock 40 m'mutes in the morning, the Stars occupy the same positions in the heavens as laid down on the Map. The Star 
Regulus, of the first magnitude, will be exat:tly on the meridian, and about 26® degrees south of the zenith ; Procyon, or 
the Little Dog, about 36® degrees west oi Reoulus ; and Sirius, or the Great Dog, southwest of Procyon, and Hear the 
horizon. In this manner the pupil will be able to trace out the principal Stars and Constellations with facility. There are 
many Sectional Maps published, but they are all subject to this one great objection — ^which is, the great difficulty the pupil 
has in locating it. This objection is entirely obviated in these Maps.] 



STARS OF THE FIRST MAGNITITDE. 



NAMES OF THE OONSTELLATIONS AND PRINCIPAL STARS. 

LEO, The Lion — (Regulus, the principal star.) — ^Thii star is 
26^ south of the zenith, and on the meridian at the times specified in 
the Table for Map No. 1. 

VIRGO, The Virgin — (Spica.) — ^This star 'is southeast, and about 
20^ above the horizon. 

BOOTES, The Herdsman— (Arcturus.)— This star is situated 
nearly east, aud about 40*^ from the horizon. 

liYRA, The Harp — (Vega.) — ^This star is nearly northeast, and 
near the horizon. 

CYGNUS, The Swan— (Deneb.)— This star is about 22* east 
of north,- and very near the horizon, and perhaps not visible unless 
the atmosphere is very clear, and the observer situated upon an emi- 
nenoe* 



MJRIGA, The Charioteer — (Oapella.) — ^This star is nearly 
northwest, and about halfway from the zenith to the horizon. 

TAURUS, The Bull— (Aldebaran.)— This star is in the eye 
of the Bull, and nearly west, and about 20^ above the horizon. 

ORION, Orion— (Betelgeuse.)— This star is in the right shoul- 
der of Orion, a little south of west, and about 30^ above the horizoii. 

ORION, Orion— (RlgeL)— This star is in the left foot of Orion, 
southwest of Betelgeuse, and very near the horizon. 

CANIS MINOR, Little Dog — (Procyon.)— This star vi s^tua- 
ted southwest, about 45° degrees from the horizon. 

CANIS MAJOR, Great Dog— (Sirius.)— This «tai is southwest 
of Procyon, about 20^ from the horizon. This is the brightest star in 
the heavens, and was considered the nearest; but late observations 
have demonstrated to the contrary. 



TABLE OF THE TIMES FOR OBSERVATIONS 

SHOWING THK DAY AND HOUR OF THE NIGHT WHEN THE STARS OCCUPY THE POSITIONS INDICATED ON THE MAP. 
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AN EXPLANATION OF LEAP-YEAR. 



It has been found by observations, that the earth revolves on its 
axis B65j- times nearly, while it is making one complete revolution 
around the sun, or while the sun moves from either equinox to the same 
equinox again ; consequently the solar year, upon which the seasons 
depend, contains nearly 865^ days. It will be seen from this that the 
difference between a year of 365 days and the year as measured by the 
sun, amounts to one day in every four years ; so that in 120 years of 
365 days, the seasons would fall back one whole month, or 30 days, 
and the season for May would be in June, and the season for June 
would be in July, Sec In 720 years the longest days would be in the 
month of December ; but in about 1450 years the season would fall 
back through the twelve months, and would again correspond to their 
present arrangement. In order to keep the seasons to the same 
months, and to make the solar and civil year correspond, one day more 
is included in the month of February, every fourth year. This would 
always keep the solar and civil year together, if the earth revolved upon 
its axis exactly 365 j times while it was revolving around the sun, or 
during the solar year ; but the eartji revolves from one equinox to the 
same again in 365 days, 5 hours, 48 minutes, 49 seconds ; which is 11 
min. 11 sec. less than 365| days; consequently, in allowing one day 
in every four years is allowing 44 min. 44 sec. too much ; and in 132 
years it would amount to 24 h. 36 min. 6 sec., or more than one day ; 
so that the longest day, which is now on the 21st of June, would in 132 
years, be on the 20t)i of June, or one day earlier, and in 264 years the 
longest day would be on the 19th of June, and' so on. 

This mode of reckoning time, by making every fourth year a leap- 
year, was adopted by the Council of Nice, in the year of our Lord 325, 
when the longest day in the year happened June 21st, and the vernal 
equinox March 21st. This mode of reckoning was continued from the 
year 325, to 1752, a period of 1427 years ; when it was found that the 
longest day was on the 10th of June, and the vernal equinox on the 
10th of March ; the vernal equinox having fallen back 11 days towards 
the beginning of the year. To restore the equinoxes to the same days 
of the month in which they happened in the year 325, eleven days 



were ordered, by the British Government, and the United States, then 
British colonies, to be striqken out of the month of September, 1752, 
by calling the 3d day the 14th ; and it was ordered that hereafter one 
leap-year in every 132 years, or 8 leap-years in 400 years, should be 
omitted : that is, that the years 1700, 1800, and 1900, which by the 
Old Style would have been leap-years, should be common years of 
365 days. This method gives 97 leap-years in every 400 years. 
Thus 400 multiplied by 365, plus 97 days for the leap years, gives 
1 46,097 days. This divided by 400 years makes 365 days 5 h. 49 min. 
12 sec. ; making a difference from the true solar year of only 23 
seconds a year ; an error which amounts only to one day in 3,866 
years. 

This new arrangement is called the New Sttlb. 

This change was made to keep the equinoxes and solstices to the 
same days of the same months, and to keep the time of celebrating 
£a8T£II, and the other feasts, fasts, and holydays of the Episcopal 
Church, to the same seasons of tfie year. The Russians and some other 
eastern nations continue the Old Sttle at the present day. The year 
1800 was not a leap year by the New Style, but would have beea 
by the Old Style ; the difference between the styles is now 12 days. 



BULE FOB ASCEBTAINING WHAT YEABS ABS 



Divide the years by 4, and if there is no remainder it is Leap- 
Year: if there is 1 remainder, it is the 1st year after the leap-year ; 
if there is 2 remainder, it is the 2d ; if there is 3 remainder, it is the 
3d year after leap-year. The even centuries are leap years only 
when, by cutting off* the two ciphers, you can divide the other two 
figures without a remainder. Thus 19(00 is not divisible by 4 without 
a remainder— consequently it is not a leap-year. The years 2,000, 
2,400, 2,800, &c. are leap-years; and 2,100, 2,200, 2,300, 2,500, 
2,600, and 2,700 are not leap-years. 



EQUATION OF TIME. 



It is observed that time, as measured by the sun, differs from that 
shown by a clock that keeps true and equal time ; the solar day, or 
time from the sun's leaving the meridian of any place till he leaves the 
same again, being sometimes less than 24 hours, and sometimes more ; 
that is, if by a true clock, on any day, the sun leaves the meridian of 
any place at just 12 o'clock, it is either a few seconds before or a few 
seconds after 12, when he leaves that meridian the next time ; it is a 
few more seconds either before or after 12, when he leaves that merid- 
ian again ; and so on, till in a few weeks it is several minutes before 
or after 12 by the clock when the sun leaves the meridian. 

It is, in fact, the place, and the meridian of the place, that leaves the 
sun ; but we say the sun leaves the meridian, because by the motion of 
the earth roimd its axis, the sun appears to move round the earth every 
day ; and by the motion of the earth round the sun,' the sun appears to 
move in the ecliptic round the earth once a year. The motion of the 
earth round its axis is always uniform and equal, never faster at one 
time than at another ; this is tho only perfectly uniform and e(jual mo- 
tion known : and the mean or average time of its revolution from the 
sun to the sun again is 24 hours ; that is, the average or mean time 
from the sun's leaving the meridian of any place, till he leaves the 
same agsiin, is 24 hours ; though, as before said, it is sometimes more 
and sometimes less. 

The difference between the time of the sun's leaving the meridian, 
and 12 o'clock, by a true clock, is called The Equation of Timk : at 
greatest it is 16 min. 15 sec; this is on the last of October, and first 
of November. On the 1 4th of April, 1 5th of June, 3 1 st of* Aujrusu and 
28d of December, this equation or diff^erence is nothing, as then the 



sun and clock agree ; and these are the only days in the year on which 
the sun and clock do agree. 

The Equation depends on two causes; — ^viz. 1. The unequal 
motion of the sun in the ecliptic ; — And. 2. The obliquity of the 
ecliptic to the equator. 

It has already been shown that the sun, as well as the moon, moves 
much slower when in or near its apogee, than when in or near its peri- 
gee ; and that its true place is never the same as its mean place, except 
in apogee and perigee. Now as the motion of the earth round its axis 
on tiie side next the sun, is in the same direction as the apparent motion 
of the sun in the ecliptic, it is plain that the slower the sun moves, the 
sooner will any place on the earth's surface move round from the sun 
to the sun again ; or the shorter will be the solar day ; because as the 
eiirth revolves round its axis, any place on the earth's surface will over- 
take the sun in less time when he advances through a less space, tlian 
when he moves through a larger. 

The first equation depends upon the sUn's distance from the perigee 
or perihelion, and is the difference between the mean and true place of 
the sun, changed into time. It is greatest when the' sun is half way 
between the aphelion and perihelion, and nothing when it is in the 
aphelion or perihelion. The sun is faster than the clock while it 
is moving from the aphelion to the perihelion, and slower while it is 
moving fi-om the perihelion to the aphelion. This difference, between 
the sun and clock, when greatest, is 7 min. 42 sec 

The second equation, depending upon the obliquity of the ecliptic 
to the equator, at greatest, is 9 min. 53 sec — {SpofforcTs Aitronottiy, 
page 29.) 
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PRINCIPAL CONSTELLATIONS VISIBLE, FROM APRIL 18 TO JULY 21. 



Ck>rona BorealiB, the Northern Grown. — ^This comtella- 

tion is about 15 degreea southwest of the zenith. Six of the principal 
stars form a circular figure resembling a wreath or crown. 

Bootes, the Herdsman. — ^This constellation is situated west of 
the Crown. The principal star is Abctubus. 

Hercules. — ^This constellation is east of Corona or the Crown, 
and extends from 12 to 50 degrees, north declination. It contains one 
hundred and nineteen stars— one of the 2d magnitude and one of the 3d 
in the right shoulder. These are called Beta and Gamma. The lefl 
or east arm of Hercules grasps the three headed monster Cerbsrus. 

According to mythologj, this constellation is intended to immortalize 
the name of Hercules, the Theban, so celebrated in antiquity for his 
heroic valor and invincible prowess. By command of Eurystheus, he 
achieved a number of enterprises, the most difficult and arduous ever 
known, called the Twelve Labors of Hbrcuucs. 

Ist. He subdued the NemeBan Lion in his den, and clothed himself 
in his skin. 

2d. He slew the LernjEan Htdra, with a hundred hissing heads, 
and dipped his arrows in the gall of the monster, to render their wounds 
incurable. 

3d. He took alive the stag with golden horns and brazen feet, which 
was famous for its incredible swiftness, afler pursuing it for twelve 
months, and presented it unhurt to Eurystheus. 

4th. He took alive the Erimanthean Boar, and killed the Centaurs 
\i hich opposed him. 

5tb. He cleansed the stables of Augias, where ?,000 oxen had been 
confined for many years. 

6th. He killed the carnivorous birds which ravaged the country of 
Arcadia, and fed on human flesh. 

7th. He took alive, and brought into Peloponnesus, the wild bull of 
Crete, which no mortal durst look upon. 

6th. He ol^ined for Eurystheus the Mares of Diomedes, which lived 
on human flesh, af\er having given their owner to be first eaten by 
them. 

9th. He obtained the girdle of the Queen of the Amazons, a formida- 
bie nation of warlike females. 

lOth. He killed the monster Geryon, king of Grades, and brought 
away his numerous flocks, which fed upon human flesh. 

11th. He obtained the Golden Apples from the. Garden of Hespe- 
rides, which were watched by a dragon. 

12th. Ho finally brought up to the earth the three headed dog Cer- 
berus, who guarded the entrance to the infernal regions. 

Iiyra, the Harp. — ^This is a small but beautiful constellation. It 
contains (a) Vega, one of the brightest stars in the northern hemis- 
phere, and is situated directly east, and between 30 and 45 degrees 
from the zenith. 

It is asserted that this is the celestial Lyre which Apollo or Mer- 
ely gave to Orpheus, and upon which he played with such a masterly 
hand, that even the most rapid rivers ceased to flow ; the wild beasts 
of the forest forgot their wildness, and for the time being became tame, 
and the mountains came to listen to his song. 



Aqnila, the Eagle. — ^T* e constellation may be easily found by 
three stars in a right line; Alt air, of the first magnitude, midway 
between the other two. 

This constellation is supposed to f^ave been Merops, a king of the 
Island of Cos, who was transformed into an Eagle, and placed among 
the constellations. 

De}phiniis, the Dolphin.— This is a beautiful little cluster of 
stars, and may be easily distinguished by four principal stars in the 
form of a diamond. The Dolphin was made a constellation for persuad- 
ing the goddess Amphitrite, who had made a vow of perpetual celibacy, 
to become the wife of Neptune. 

Ophiuchus, the Serpent Bearer. — ^This constellation is repre- 
sented as a man with a long beard, holding in his clenched hands a 
prodigious Serpent, which is writhing in his grasp. This constellation 
occupies a large space, from 15^ north to 25^ south of the equator. 
The principal star is Ras Alhaoue, of the second magnitude, situ- 
ated in the head. The star on the foot just south of the ecliptic is 
Rho. According to mythology, Ophiuchus or Esculapius, as he was 
sometimes called, was the god of Medicine. He was the son of Apollo, 
but. was killed by Jupiter with a thunderbolt, for restoring Hippolytus .o 
life. 

Scorpio, the Scorpion. — This is one of the constellations of 
the zodiac. It is a very beautiful group, as it contains one star of the 
first, two of the second, and eleven of the third magnitude, (a) An- 
tares, of the first magnitude, is situated in the heart of the Scorpion. It 
is a little east of the meridian, and about 20 degrees above the horizon. 
Orion, a celebrated giant, having impiously boasted that there was no 
animal on earth which he could not subdue, Diana, whom he had 
offended, sent a Scorpion, which stung him to death. 

Serpens, the Serpent. — ^This constellation is united with that 
of Ophiuchus, who holds the serpent in his grasp. It may be distin- 
guished by several bright stars in and near the head 

Idbra, the Scales. — ^This constellation contains 4 stars of the 
2d magnitude, by which it may be distinguished ; two of them being 
about 10 degrees northwest of Antares in the Scorpion. About twenty- 
two hundred years ago this constellation coincided with the sign Libra 
of the ecliptic, and when the sun entered this constellation the days and 
nights were equal ; hence it was very appropriately represented by the 
ancients by a pair of scales, which denote equality. 

Scutum, or SobiesU's Shield.— This is a small constellation, 
instituted by Hevelius. It may be known by three small stars in 
the form of a triangle. 

Vnlpecula et Anser — (The Fox and Goose.) — ^This constel- 
lation was also established by Hevelius, and is situated south of lie 

Swan and north of the Dolphin and Eagle. It contains only small 
stars. 
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• MAP, FROM APRIL 18 TO JULY 21. 

[ ly The Stars and Constellations upon this Map will Dccupy t^e exact positions in the* heavens as they are laid down 
on the Map, at the times for observations, as specified in the table. The centre of the Map represents the zenith of New- 
York, or any place situated upon the parallel of latitude of 41^ north* There will be eight stars of the first magnitude visi- 
ble, the most conspicuous of which will be Arcturus, Vega, Altair, Deneb, Antares, and Spica. The oth&r two being near the 
horizon may not be visible unless the atmosphere is very clear.] 



STARS OF THE FIRST MAGNITUDE. 



VAMBS OF THB OOVSTELLATIONS AND PRINOIFAL STARS. 

BOOTES, The Herdsman — (Arotums the principal star.) — 
This slar is situated towards the southwest, and about 30^ from the 
zenith 

VIKGO, The Virgin— (Spica.)— This star is almost in a direct 
line southwest of Arcturus, and about 80** above the horizon. 

-LYRA, The Harp — (Vega.)— This sUr is due east and about 87® 
from the zenith. 

LEO MAJOR, The Great LieN— (Regnlufl.)— This star is due 
west and about 10^ above the horizon — perhaps not visible unless the 
atmosphere is very clear. 



AQUILA, The Eagle— (Altair.)— This star is nearly soatheut 
of Vega, and about b'alf way from Vega to the horiioii. 



I 



CYGNUS, The Swan— (Deneb. 

of the zenith and east of the North Star. 



star is nearly noitheasl 



AURIGA, The Charioteer— (OapeIUu)—TUB ttar it abonl 
16^ west of north, and very near the horifeon ; peihi^w not visiUe. 

SCORPIO, The Scorpion— (Antares.)— This star is neariy 
south, being only about 20^ east of the meridian. It is about 80* 
above the southern horizon. There are two stars of die second magni- 
tnde about 10* to the northwest of it 



TABLE OF THE TIMES FOR OBSERVATIONS. 

SHOWING THE DAY AND HOUR OF THE NIGHT WHEN THE STARS OCCUPY THE POSITIONS INDICATED ON THE MAP. 
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22 12 — 




. • • 


23 11 56 




• • . 


24 11 52 




. . • 


25 11 48 




. • • 


26 11 44 




. • • 


27 11 40 




... 


28 11 3e 




. . . 


29 11 d!W 




... 


30 11 28 




... 


31 11 24 




JUNE 


1 11 20 




• . • 


2 11 16 




. • • 


8 11 12 




■ • • 


4 11 8 





... 
. ■ ■ 
... 
. • ■ 
. • • 
... 

• . • 
. • • 

• • • 
. • • 

• • ■ 
. • ■ 

• • • 
. • • 

• . • 

... 

... 

. • • 
... 

... 

. • • 

• • • 

• • • 



H. K. 

5 11 4 

6 11 - 

7 10 50 

8 10 52 

9 10 48 

10 10 44 

11 10 40 

12 10 39 

13 10 82 

14 10 28 

15 10 24 

16 10 20 

17 10 16 

18 10 12 

19 10 8 

20 10 4 

21 10 — 

22 9 50 

23 9 52 

24 9 48 

25 9 44 

26 9 40 

27 9 86 

28 9 82 





JUNE... 


29 


9 


28 




• • • • 


80 


9 


24 




JULY. . . 


.. 1 


9 


20 




• • • • 


2 


9 


l« 


• 


• 

. • • • 

• 


8 


9 


12 




• • • • 


4 


9 


6 




• • • • 


5 


9 


4 




• • • • 


6 


9 


.. 




• • • • 


7 


8 


60 




• • • • 


8 


8 


08 


• 


• • • • 


9 


8 


48 




• • • • 


10 


8 


44 




• • • • 


11 


8 


40 




• • • « 


12 


8 


86 




• • • • 


13 


8 


32 




• • • • 


14 


8 


38 




• • • • 


15 


8 


34 




• • • • 


16 


8 


30 ' 




• • f • 


17 


8 


10 




• • • • 


18 


8 


13 




• • • • 


19 


8 


8 




• • • • 


20 


8 


4 




• • • • 


21 


a 


— 










• • • 
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ILLUSTRATED ASTRONOMY. 



TO FIND THE MAGNITUDES OF THE PLANETS. 



The magnitudes of all globes or spheres, are in proportion to one 
another, as the ctAes of their diameters ; — hence, if we cube the diam- 
eters of any two globes, and divide the greater product bj the less, the 
quotient will show how many times the one is greater than the other. 

[NoTB. — ^The cube of any number is the number multiplied into itself, and that 
product multiplied by the mat number.] 

Example. — Suppose two globes, one of 5 feet, and the other 10 
feet in diameter — 

5 10 

5 10 



25 
5 



100 
10 



125 cube of 5. 1000 cube of 1 ). Then 125-i-lOOO ) _ ^ 

1000 ; —'*• 



Hence it will be seen jthat the globe of 10 feet in diameter is 8 times 
the magnitude of the less. 

To find the magnitudes of the planets, compared with thai of the 
earth, observe the following Rule. — 

Cube the diameter of the earth, which b 7,912 miles, and also the 
diameter of each planet, — then if the cube of the earth's ^ameter, is 
greater than that of the planet, divide the greater by the less, and the 
quotient will show how many times the earth is greater than the planet ; 
but if the cube of the diameter of any planet, is greater than the cube 
of the earth's diameter, divide the cube of the planet's diameter by 
the cube of the earth's diameter, and the quotient will show how many 
times the planet is greater than the earth. 

EXAMPLE I. 

Earth's Diameter, 7,912X7,912=62,599^744X7,912=495,289,174,- 
528, cube of earth's diameter. 

Mercury's Diameter, 8,200X3,200=10,240,000X8,200=82,768,- 
000,000, cube of Mercury's diameter. 

Divide the greater by the less^ — 

82,768,000,000)495,289,174,528(15 times less than the earth. 

82,768,000,000 



167,609,174,528 
168,840,000,000 

8,769,174,528 



EXAMPLE U. 

Diameter of the Sun — 

886,952 X 886,952 X 886,952=697,750,814,894,888,408. 

Divide by cube of earth's diameter — 

495,289,174,528)697,750,814,894,888,408(=1,408,784 



Diameters. 



Cubes of their Dismelers 



Mercury, . 
Venus, . . 
Earth, . . 
Mars, . . 

i Vesta,* 
Juno,* . 
Ceres,* 
Pallas,* 
oon, . . 
Jupiter, . 
Saturn, • 
Herschel, 
Leverrier, 
Sun, . . . 



. 8,200 miles 82,768,000,000 miles. 

. 7,700 « 456,588,000,000 

. 7,912 « 495,289,174,528 

. 4,189 «*. 78,507,403,269 

. . 270 « 19,688,000 

. 1,400 « 2,744,000,000 

. 1,600 «. 4,096,000,000 

. 2,100 « 9,261,000,000 

. 2,180 ^ 10,860,282,000 

87,000 " 658,508,000,000,000 

79,000 <* 498,039,000,000,000 

85,000 «. 42,875,000,000,000 

85,000 ". 42,875,000,000,000 

886,952 ........ 697,750,814,894,888,408 

* Diameters of the other Asteroids are not known. 



it 
u 
u 
u 
u 
u 
u 
a 

M 

u 
u 
u 
u 



EXAMPLE L 



82,768,000,000 

456,588,000,000 

78,507,403,269 

19,688,000* 

2,744,000,0001 

4,096,000,000' 

9,261,000,000 

10,860,282,000 



Cob6 of Ml Hi*! dlanMteTt 

495,289,174,528. 



15 Mercuiy, i'^ - - 

9 Venus, A - - 

6.73 Mars, \ nearly, - 

125,163 Vesta, 7T*OT - 
180. Juno, -^^ - - 

120. Ceres, ^ - . 

53 Pallas, ^ . - 

58 Moon, ^ nearly, 





658,503,000,000,000. 
498,039,000,000,000. 

42,875,000,000,000. 

42,875,000,000,000. 
697,750,814,394,833,408. 



EXAMPLE n. 

1929-4-Jupiter larger than the earth. 
995-i-Satum " <* « 

86-|-Her8chel « « « 

86-|-Leverrier,« ' « <« 

1,408.784. Sun *« 



a 



NoTB. — ^The teacher might require the more adranoed ptipii* in the class to work 
out the aboTC problems on tiieir slates. It would be a prontable ezerdse for them in 
arithmetic, as well as finng in the mind the magnitudes of the planets 



^^^^^^^^^^^^^^^^^k^h^^^i^k^ 



TO FIND THE DISTANCES OF THE PLANETS. FROM THE SUN. 



The oelehrated astronomer, Kepler, discovered that all the planets 
are suhject to one general law, which is, that the '* squares of tfmr 
periodic times are proporHoncU to the cubes of their mean distances 
from the sunJ* This law was ftillj demonstrated and estahlished by 
Sir Isaac Newton. Astronomers found it very easy to ascertain 
the periodic times of the planets, which only required them to observe 
the time it took each planet to revolve around the sun from any par- 
ticular star to the same star again ; but to find the distances of the 
planets from the sun, they found a much more difficult task. By ob- 
servations made^ upon the transits of Venus, the earth's distance from 
the Sun has been found to be about 95,000,000 of miles, — Whence, if we 
have the periodic times of the planets, and the distance of one of them 
from the sun, we can, by this law of Kepler^s, find the distances of the 
other planets by the simple rule of proportion. Therefore, to find 
the distance of Mercury from the sun, we say, as the square of 365 
days (which is 133,225) is to the cube of 95,000,000 of miles, (which 
18 857,375,000,000,000,000,000,000) so is the square of 88 days. 



(which is 7,744) to a fourth term, which is the ^ube of Mercury's 
distance from the sun. And if the cube root of this term be 
tracted, the answer will be 37,000,000 of miles, nearly. 



THE FOLLOWING ABE THE STATEMENTS TO FIND THE DISTANCES 
OF THE OTHER PLANETS FROM THE SUN. 

As 183,226 is to 867,876,000,000,000,000,000,000 So is the square of the periodic 

time, in days, of each planet 

separately to the fourth term, 

which will be the cube of tne 

distance of the planet from 

the sun. Extract the cube 

root of the four^i term, so 

found, and it will give the 

plan.et^s mean distance from 

• the sun. 



ILLUSTRATED ASTRONOMY. 



69 



PRINCIPAL CONSTELUTIONS VISIBLE, FROM JULY 22 TO OCTOBER 31. 



Oygnus, the Swan. — ^This constellation is situated a little to the 
west of the zenith. It is represented with outspread wings, flying in 
the direction of the milky way to the south^^ost. The five principal 
stars are so arranged as to form a large and regular Cross. Deneb, a 
star of the first magnitude, is in the head of the Cross, and Albtreo, 
situated in the beak of the Swan, forms the foot. Over the right wing 
of the Swan is a reraark&^le double star, known by the name of " 61 
Cygni." These stars are of the 5th and 6th magnitude ; they revolve 
round a common centre of gravity between the two, in 540 years. 
These two stars will ever be memorable as being the first whose dis- 
tance from us was measured with much precision, and are the nearest 
to us, with a single exception, of any as yet known. The star (a) Cen« 
tauri is about one-third the distance of 61 Cygni. Observations have 
been made on a great many others ; but their parallax is much less, 
and in most cases is so smaU as not to be perceptible with the most 
accurate instruments. The distance of 61 Cyjrni was ascertained by 
Bessel, from his observations, in the years 1837, 1838 and 1839. He 
found their distance 592,000 times the earth's mean distance from the 
suif. So great is this distance, that a cannon ball, moving 500 miles 
an hour, would not reach those two stars in less than thirteen millions 
of years. The sun, seen from these stars, would appear like a. star of 
the oth magnitude. Previous to this discovery the stars were consider- 
ed to be about the same in magnitude, and the brightest stars to owe 
their brilliancy to their being nearer to us ; but the brightest star in the 
whole heavens (Sirius, the great Dog Star,} is at a much greater dis- 
tance than these, and owes its brilliancy to its superior magnitude or 
much greater, brilliancy.' 

' Ljrra, the Harp. — This constellation is next to the Swan. For 
a description of this constellation, see explanations to Map No. 2, firom 
April 18 to July 31. 

Oepheus, the King. — ^This constellation may be known by three 
stars of the third magnitude in a right line — in the neck, breast, 
and knee. He stands with his left foot over the pole. He holds a 
sceptre in his hand, extended towards Cassiopeia, his wife. Cepiirvs 
was the king of Ethiopia : the name of his queen was Cassiopeia. He 
was one of the Argonauts who accompanied Jason in his. expedition 
from Greece tp Colchis, in quest of the Golden Fleece, and at his death 
was changed into a constellation. 

Cassiopeia, the Lady in her Chair. — This constellation is 

situated east of Cephrus. She is represented in regal state, seated on 
a throuQ or chair, holding in her lpt\ hand the branch of a palm tree. 
She is surrounded by her royal family — Cepheus, her husband, on her 
right hand ; Perseus, her so*.-in-law, on her left, and Andromeda, her 
daughter, just above her. 'I'his constellation contains 55 stars, that are 
wsible to the naked eye : five of these are of the 3d magnitude, which, 
with two smaller ones, form a figure resembling an inverted chair. 

Cassiopeia was the wife of Cepheus, king of Ethiopia. She was 
possessed of great beauty, and boasted herself fairer than Juno, the sis- 
ter of Jupiter, or the Nereides, a np.me given to the sea nymphs. This 
provoked the nymphs of the sea, who complained to Neptune, of the 
insult. He sent a frightful monster to punish her insolence. It was 
finally ordained that she should chain her daughter Andromeda, whom 
she tenderly loved, to a desert rock on the beach, and leave her expo- 
sed to the fury of this monster. She was thus loft, and the monster 
approached ; but as he was going to devour her, Perseus killed him. 

Andromeda. — This constellation is south of Cassiopeia. It con- 
tains 66 stars, three of which are of the third magnitude, viz : Sirrah, 
in the head ; Mirach, in the breast, and Almak, in the feet. They 
stand nearly in a straight line. Androxeoa, the daughter of Cepheus 
dpd Cassiopeia, was exposed to be devoured by a Sea Monster, to 
appease the wrath of Neptune. She was accordingly chained tc a rock 
neai Joppa, (now Jafla in Syria,) and at the moment the monster was 
going to devour her, Perseus, who was returning through the air from 
the conquest of the Gorgons, saw her .and was captivated by her 
beauty. He promised to deliver her and destroy the monster, if her 
father would give her to him in marriage. Cepheus consented, and 



Perseus instantly changed the sea monster into a rock, by showing him 
Medusa's head, which was still reeking in his h&nd. This fable of 
Andromeda and the sea monster might mean that she was courted by 
sonxe monster of a sea captain, who attempted to carry her away, but 
was prevented by another more gallant and successfu. rival. 

Fegasus, the Flying Horse.— This constellation is represented 
with wings. It may be known by four stars, which form a regular 
quadrangle or trapezium. The northeastern of these four stars is in the 
head of Andromeda. Their names are (a) Markab, (/?) Scheat, Alge- 
nib, and (a) Sirrah, in the head of Andromeda. Accoitling to fable, 
Pegasus was a winged horse, which sprang from the biood of Medusa, 
when Perseus cut oflT her head. 

Equuleus, the Uttle Horse.— This is a small cluster of stars 
west of the head of the Flying Horse. Only the head is visible. This 
is supposed to represent the horse which Mercury gave to Castor, and 
which he named Cbleris. 

Delphinus, the Dolphin.— This is a beautiful little constella- 
tion, between the Eagle and Equuleus, or Little Horse. It may be dis- 
tinguished by four stars in the shape of a diamond, with two small stars 
which form the tail. (See map No. 2, and explanation.; 

Sagittarius, the Archer,— This is the tenth constellation in 
the zodiac. It is situated to the southwest, near the horizon. It may 
be known by ^xe stars, forming a figure re8em])ling a short handled 
dipper. It appears turned up, with the handle to the north, and the 
bowl towards the east. Sagittarius, or Chiron, the son of Saturn, 
was a twofold being — half man and half horse. This constellation was 
intended, no doubt, by the ancients to represent the season for hunt- 
ing ; for when the sun enters this sign, the trees have cast their foliage, 
which enables the hunter to pursue his game to better advantage. 

Oapricomus, the Goat.— This is the next sign in the ecliptic> 
east of Sagittarius. There are two conspicuous stars in the head, 
called Giedi and Dabih. Giedi is the most northern star of the two, 
and is double. Several other stars may be traced out by reference to 
the map. The goat was observed by the ancients to be fond of climb 
ing high mountains and lofty precipices, and was therefore considered 
emblematical of the sun, which, having in this sign reached his greal. 
est southern declination, begins to ro-ascend towards the north. 

Aquarius, the Water Bearer.— This constellation is repre- 

sented by the figure of a man pouring out water from an urn. and is 
north and east of Capricomus. It may easily be traced by reference to 
the map. The ancient Egyptians supposed the disappearing of Aqua- 
rius caused the waters of the Nile to rise by the sinking of his urn in 
the water. 

Pisces, the Fishes.— This is the last sign in the zc/Jiac. This 
constellation is represented by two fishes, a considerable distance apart, 
tied by a cord or riband. The stars in this constellation are of the 
4th and inferior magnitudes. The probable origin of this sign was 
from the fact, that when the sun was in it, it was the season when fish 
were abundant, and easily taken. 

Piscis, the Southern Fish.— This constellation is south of 

Aquarius, and is easily distinguished by the star Fomalhaut, of the first 
magnitude, with two small stars, which form an equilateral triangle. 
These three are the only important stars in this constellation. This 
constellation is supposed to have taken its name from the transformation 
. of Venus into the shape of a fish, when she fled, terrified at the horrible 
advances of the monster Typhon, who was said ta have an hundred 
heads. 

XTrsa Major, the Great Bear.— This constellation is directly 

north, and touches the horizon. The Dipper, which is a part of this 
constellation, is a little to the northwest of the north star, and is right 
side up, with, the handle to the west. (For explanation, see map No. 1.) 

Iiacerta, the Iiizard. — This is a small constellation near the 
zenith. It contains a few stars of inferior magnitude. 



ILLUSTRATED ASTRONOMY. 



MAP, FROM JUL.y 8iB TO OCTOBER 31. 

[ttf^ The Stars and ConstellatJons upon this Map will occupy iJie exact positions in the heavens as they are laid dowu 
c". the Map, at the times for obaeiArations, as specified in the table. The centre of the Map represents the zenith of New- 
Yurk, or any place situated upoii the parallel of latitude of 41° north. There will be only six stars of the first nr^agnitud'! 
viaible, the most conspicuous of which will be Deneb, Vega, Allair, and Capella. The other two, Aldebarao and Foraalhaut, 
being near the horizon, may not be visible unless the atmosphere is very clear.] 



STARS OF THE FIBrST Iff AOHITUDE. 



KAHES OF THE CONTTELIiATIOIrS ART) FBIHOIFAL STABS. 

t TGNUS, The Swan— (Deneb thb phimcipal stah.)— Thia 
aiar it situatsd direclly west, and ftbout 20° {torn the zenith. It t* in 
the middle of the Milky-way. 

LYRA, The Harp— (Vega.)— This star is about SO" wert of 
Deneb. 

AQU7LA, The Eaclb — (Altair.)— This star is situated towards 
the southwest, and about 35" from the xeuith. 



PISCIS, SouTHBHK FuH— (Famalhaut.)— This star is about 
10° east of south, and about'lS" above the eoulhem horizon — perhaps 
it will not be visible onlj when the atmosphere is clear. 

TAURUS, Tee Boll— (Aldebar an.)— This star is nearly north- 
east, and within 10" of the horizon. It will not be visible only when 
the atmosohere Is very clear. 

AURIGA. Ths Chabioteek— (CapeIla.^This star b directly 
east of th* North Star, and about midiraj to the horizon. 



TABLE OF THE TIMES FOR OBSERVATIONS. 

SHOWING THE DAY AND HOUR OF THE NIGHT WHEN THK STARS Ot«UPY THE POSITIONS INDICATED ON THE MAP. 



B. H. 

JULY 22 I 56 

.... 83 1 52 

.... 24 I 48 

S.") 1 44 

.... 26 1 40 

27 1 36 

28 I 32 

.... 29 I 28 

30 1 24 

.... 31 I 20 

AUGUST,.. 1 I 18 

2 1 12 

.... 3 ] 8 

4 1 4 

5 1 — 

6 12 66 

7 12 62 

.... 8 12 43 

.... 9 12 44 

.... 10 12 40 

.... 11 12 36 

.... 12 12 32 

.... 13 12 29 

.... W 12 24 

Wr. 12 20 

M 12 16 



AUGUST.. 17 12 

19 12 

19 12 

.... 20 12 

.... 21 II 

22 11 

23 11 

.... 24 11 

.... 2.^ 1 1 

• .... • 26 11 



30 II 

81 11 

SEPTEMBER 1 11 

2 11 

3 11 

4 II 

S 10 

.... 6 10 

7 10 

.... 8 10 
.... 10 
Ip 10 

li 10 



SEPTEMBER 12 10 29 

13 ID 24 

14 10 20 

15 10 16 
IS 10 12 

17 10 8 

18 10 4 

19 10 — 
.... 20 V 66 

21 B 52 



22 



49 



.... 24 H 40 

.... 25 W 36 

.... 26 W S2 

.... 27 8 28 

28 « 24 

..;. 20 20 

.... SO W IS 

OCTOBER... 1 9 12 

.... 3 » 8 
.... 1*4 

i 9 — 

-i • 66 

....v t> • 62 

7 J 48 



OCTOBER... 8 8 

B 8 

.... 10 8 

II 6 

.... .13 8 

.... 13 S 

14 6 

.... IS 8 

.... 16 8 

17 8 

.... 18 S 

.... 19 8 

20 7 

.... 21 7 

.... 23 7 

.... 38 7 

24 7 

.... 25 7 : 

26 7 ; 

.... 27 7 : 
23 7 : 



ILLUSTRATED ASTRONOMY. 



ZODIACAL LIGHT. 




Thb Zodiacal Light 'a a faint luminous appearance, which accom- 
panies the Sun, and is seen just after twilight in the evening, or before 
it commences in the morning. It was observed by Ecpler, who sup- 
posed it to be the Sun's atmosphere, and afterwards accurately described 
by Cassini, in 1683, who gave it the name by which it is now Imown, 
in consequence of its always being in the Z0DIA.C. It probably sur- 
rounds the sun on all sides ; but is shaped like a lens, or huminn; glass, 
the circumferenceof which is directly over the Sun's equator. The edge 
being always presented to us, gives it the appearance of a pyramid, or 
cone. There can only that portion of it be seen winch remains above 
the horizon after twilight has ceaseil. When seen, it extends from the 
horiiton upwards, and following the course or paih of the Sun. For 
this reason it is scarcely visible in our latittide, oa the path of the -Sun 
during most of the year, is very oblique to the horizon : consequently 
it is obscured by twilight, which does not cease until the Sun is 18 
degrees below the horizon. At the equator it can be favorably observed 
most of llie year, and often presents a beautiful appearance. The 
most favorable times for observing it in our latitude are in the evening 
during the months of April and May, and in the morning during the 
months of Ociobor and November, as the path of the sun is nearer 
perpendicular to the horizon than at any other times daring the year. 



It appears in form like a pyramid, with the base at the hoiicoo — 
tapering to a point, and more or less inclined to the horizon. 

Its length above the horizon varies, according to cij'Cumstances,from 
40 to 100 degrees, and its breadth at the base perpendicular to its axis 
varies from 8 to 30 degrees. It is extremely faint and ill-defined in 
our climate ; but b much more conspicuous iu tropical countries. Ad 
allusion is made to this phenomenon in a work published by J. Chil- 
drey, in 1661, in the following pas.*age ; — "lu the month of February, 
for several years, about six. o'clock in tlie evening, after twilight, I saw 
a path of light tending from the twilight towards the Pleiades, as it were 
touching tliem : this is to be seen whenever the weather is clear, but 
best when the moon clocs not shine. I believe that this phenomenon 
has been before visible, at\il will hereafter appear, always at the above 
mentioned period of the year ; but the cause and nature of it I cannol 
guess, and theretbrc leave it to the inquiry of posterity." 

Various opinions and theories have been advanced by astronomers, 
both ancient and modern ; but none have been able to settle the point 
beyond controversy. Cassini thought it might proceiid from an innu> 
merable multitude of little bodies revolving around the Sun, reflecting a 
faint light, like that of the milky-way. Kepler ascribed its appearance 
to the atmosphere which he supposed to surround the Sun. Both of 
these theories have been discarded as being untenable. Frofessor 
Olmstead supiioses it to be a nebulous body, or thin, gaseous masB, 
revolving around the Sun, causing the METEORIC SHOWERS that have 
occurred for several years in the month of November, in consequence 
lear approach to it, in its annual course around the Sun. 
id Professor Nichol assert that the Zodiacal Light is 
precisely similar to that exhibited by the nebulous stars, 
i living upon some distant star, the Sun would appear 
r surrounded by a faint light similar lo that of a candle 
seen at a short distance, in a foggy or thick atmospliere. 

The present theory of the Zodiacal Ligbt may be summed up in 
a few words — namci[y, that the matter of whldi the Sun and planets 
are composed was originally in a thin, gaseous mate, and has been 
condensed into solid bodies, which form the Sun and planets ; that the 
Zodiacal Light is a portion of this matter, which has not as yet sub- 
sided into the Sun. It ia estimated to extend beyond the orbit of 
Mercury, and perhaps that of Venus ; if so, they must pass through 
it twice during each revolution around the Sun. 



of tlie earth's 1 
Herschcl ai 

to UB like a al! 



A SIMPLE METHOD TO FIND THE CIRCUMFERENCE OF THE EARTH. 



All circles, great or small, are supposed to be divided into 360 
equal parts, called degrees. From Ibis it will be seen that a degree 
has no dcfmite measure ; but depends upon the magnitude of the circle. 
If we suppose a circle to be 360 miles in circumference, then one 
degree would measui-e just one mile ; but if the circle were greater, a 
degree would be greater, and if less, a degree would be less. We 
will now apply this principle of the circle to mea.iure the circumference 
of the earth. In order to do this, we must take two places some dis- 
tance apart, and under the same meridian ; we will supjMse New 
York and Albany, 

We will suppose that tbe exact distance between the two places has 
been found by exact measurement to be 138 j miles — (this distance 



probably does not vary much from the truth.) We will now plkce an 
observer at each place with accurate instruments, and on a particular 
nighl, at 12 o'clock, the observej at New York finds a particular star 
exactly in his zenith, or over head ; but the observer at Albany 6nds 
the same star two degrees to the south of his zenith, — hence it will 
be seen that there are two degrees between the two places 1 and as the 
distance, by mea'^urement, was found to be 138^ miles, the two degrees 
between New York and Albany are equal to 138J miles, or one 
degree equals 69^ miles. Now, if we multiply the number of de- 
grees in the whole circle or circumference of the earth (360) by 
69J miles, it will give 24,930 miles the whole eii-.'iimf<-reni'<- of 
the earth. 




PRINCIPAL CONSTELUTIONS VISIBLE. FROM NOVEMBER 1 TO JANUARY 20. 



FerseoB, and Medusa's Head. — ^This constellation is directly 
in 'the zenith, or over head. It contains two stars of the *<2d magnitude. 
The one in the breast of Pbbsbits is called Mir2ak, or Algenib ; the 
other is Algol, in Medusa's head : it is about 15^ east of the zenith. 
This star is remarkable on account of its changeableness. It changes 
in 4 hours from the 2d to the 4th magnitude. It remains in this condi- 
tion 18 minutes, when it begins to increase in brightness ; and in 4 
hcurs and 40 minutes appears again of the 2d magnitude : in which 
state it continues .61 hours, when it begins to diminish again. Dr. Her- 
schel attributes its variableness to spots upon its surface like those of 
the sun, and that it revolves upon its axis. 

. [History. — Perskus was the son of Jupiter and Danjb. He was no 
sooner bom than he was cast into the sea with his mother, and was 
driven on the coast of one of the islands of Ctclades. Polydectes, 
the King of the place, treated them with kindness, and placed them 
in the care of the Priests of Minerva's Temple. He promised to pre- 
sent the King with the head of Medusa, the only one of the Gorgons 
who was subject to mortality. They were represented with serpents 
wreathing about their heads instead of hair ; their bodies grew indisso- 
lubly together, and their very looks had the power of turning into stone 
all those on whom they fixed their eyes. Being equipped by the gods, 
he mounted into the air, conducted by Minerva, and came upon the 
monsters, \vho, with the watchful snakes, were asleep, and with one 
blow cut off her head. Perseus then made his way through the air, 
with Medusa's head yet bleeding, in his hand, and from the blood 
which dropped from it as he flew, sprang all those innumerable ser- 
pents that have ever since infested the sandy deserts of Lybia.] 

Triangulumi the Triangle^— ^This is a small constellation 
southwest from Medusa's Head, in the constellation Perseus. It may 
be known by three stars, which form a triangle. This constellation is 
of recent origin. 

Aries, the Ram. — This constellation lies to the southwest, about 
30* from the zenith, and may easily be distinguished by three bright 
stars in the head of the Rah, and nearly in a right line. This constel- 
lation twenty-two centuries ago occupied the first sign in the ecliptic ; or 
at that time the constellations of the zodiac and the signs of the ecliptic 
corresponded to each other : but in consequence of the retrograde mo- 
tion of the equinoxes, 50" a year, the constellations of the zodiac and 
the signs of the ecliptic have been separated from each other, by the 
falling back of the signs in the ecliptic about 31 degrees : so that the 
constellation Aries is now in the sign Taurus of the ecliptic ; and Tau- 
rus in Gemini, and Gemini in Cancer ; and so on. This constellation 
probably received its name from the Chaldean Shepherds, who were in 
those days the best astronomers, from the fact that their occupation led 
theTi to be on the watch during the 'night, to defend their flocks from 
the ravan^es of wild beasts. They observed that when the sun entered 
this division of the heavens the lambs were with their flocks, or that it 
was the season for the increase of their flocks — hence the Ram was 
very appropriately made to represent tk» sign. 

Taurus, the BulL — This constp .lation is south, about 30® from 
the zenith, and will be easily distinguj -»hed by the star Aldebaran, of 
the first magnitude, situated in the Pall's eye. There are two very 
important clusters in this constellation, the Hyades on the head, and 
the Pleiades on the neck of the Buli. This constellation probably 
derived its name, as well as the other si^ns of the zodiac, from some 
particular phenomenon which was apparent at that particular time. It 



was intended to show thai this was the season for the increase of the 
ox species — hence the name Taurus, or Bull. 

Oemini, the Twins, — ^This constellation is situated a little to the 
south of east, and may be known by two stars of the 2d magnitude, one 
in each head of the Twins — their names (a) Castor and (/?) Pollux. 
This sign was originally represented by two goats, and was probably 
intended to indicate the season for the multiplication of this animal, as 
well as to show that there were usually two at a birth. 

Cancer, the Crab. — ^This constellation is next east of GsMim. 
It contains stars only of the 4th magnitude. It was observed by the 
Ancients, that the sun, when it enters Cancer, passes sideway along 
the tropic, without crossing it, which was fitly represented by a crab, 
which moves sideways. 

Orion. — ^This constellation is southeast of Taurus, and is one of the 
most conspicuous constellations in the heavens. It contains two stars 
of the first magnitude. (Note.— See description of Map No. 1.) 

Canis Minor, the little Dog.— This constellation is south- 
east of Gemini. It contains one star, of the first magnitude, Procyon, 
and one of the dd, Mirza, in the head of the Dog. 

Canis Major, the Great Dog.— This constellation is situated 
to the southeast, and near the horizon. The principal star is Sirius, 
the brightest star in the whole heavens. (Note. — See explanation to 
Map No. 1.) 

Ixepus, the ECare. — This constellation is south of Orion. It con- 
tains three stars of the 3d magnitude. It is situated west of the Great 
Dog, which seems to be pursuing it from east to west, owing to the 
motion of the earth on its axis. The hare is one of those animals 
which Orion delighted in hunting, and for this reason was made into a 
constellation, and placed near him, among the stars. 

Endanus, the River Po. — This constellation occupies a large 
space in the heavens directly south of Taurus. It will be found diffi. 
cult to trace it, in all its windings. Its entire height is 130 degrees. 
It commences near the star Rigel, in the foot of Onon. Eridanus is 
the name of a celebrated river in Italy, now known by the name of the 
river Po. 

Cetus, the Whale. — This constellation occupies the largest 
space of any in the heavens, and is west of the River Po. As the 
whale is the chief monster of the ocean, so is it the largest constella- 
tion in the heavens. It is considered to be the Yimous sea monster 
sent by Neptune to devour Andromeda, because her mother, Cassio- 
peia had boasted herself fairer than Juno, or the sea nymphs — but was 
slain by Perseus, and placed among the stars, in honor of his heroic 
deeds. 

Monoceros, the Unicom. — ^This constellation is east of Orion, 
and was made out of the unformed stars of the ancients, which lay scat- 
tered over a large space between the two dogs Canis Major and Canis 
Minor. The Monoceios is a species of Unicorn or Rhinoceros. It is 
about the size of a horse, with one horn growing out of the middle of 
its forehpad. 

Columba, the Dove. — ^This constellation is south of the Lepus, 
The Hare. It is so near the horizon that it probably will not he 
visible. It was introduced amons the constellations by Rogn in 1079. 

Camelopardaius, the Oiraffe. — This constellation wh.? ronn«>d 

by Hevelius, in the beginning of the 17th century. It was made up 
of stars not included in the adjacent constellations, viz: Pbbsrus, Au- 
RIGA, the head of Ursa Major, and the Pole Star. 
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ILLUSTRATED ASTRONOMY. 



MAP. FKOM NOVEMBEK 1 TO JANUAEY JO. 

r t3^ I-'he Stars and ConstelladoDS upon this Map will occupy l}ie exact posidoaa in the heavens as tbey ore. laid down 
oil the Map, at the times for observations, as specified in the table. The centre of the Map represents the zenith of New- York, 
or any place situated upon the parallel of latitude of 41° north. There will be nine stars of the first magnitude above the hoii- 
Bon. The star Vega, in the Harp, being so near the northern horizon, may uot be visible. There will be several of the most 
conspicuous constellations in the whole heavens visible, as well as a considerable number of stars of the first magnitude. The 
principal constellations are AuaioA, Taukcs, Orion, Canis Major, and Canis Minor. This is the best season for observar 
tioD during the year, as the atmosphere is generally more clear than at any other time, and the stars twinkle with a beautiful 
brilliancy.] 



STARS OF THE FIHST MAONITTTDE. 



VAKES OF TKB OOMBTBLLATICm AHS FSIiraiFAL STARS. 

AURIGA, Ths Charioteer — (Oapella the friitcifal stab.) — 
I1it9 star is about 15° northeut of the xenitfa. 

TAURUS, The Buti— (Aldebaran.)— This star is in the Bull's 
Eye, and is situated about 25° south of the zenith, and 5° east of the 
metkliau. 

CYGNUS, Thx Swan— (Deneb.)— This atar is situated in the 
MiLEi Wat, and west of the North Star, about midway to the horizon. 

LYRA, The Harf— (Tega.)— This slar is northwest of the North 
?tar and close to the horizon — probably not visible. 



ORION, Oeion — (Betelgenge.) — This star is In the ri^t slund. 
der of Obion, and situated aoutbeaat about 35 degrees. 

" (BlgeL)— This star is on Ae left fb«t of Orion, aouUieut firom 
Betelgeuse. 

CANIS MAJOR, Great Doe— (SMm.)— TU« star is sHualed 
southeast, abotA 20 degrees above the horizon. 

CANIS MINOR, Little Dos— (Prooyxm.)— Thi* star is south- 
east, and about 40 degrees above the horixon'. It is nearly north of 
SiBins. 

LEO Major, Gb^at LioN--(Bsgnliu.)— TUs star is nesily 
east, and about 15° above the hortson. 



TABLE OF THE TIMES FOR OBSERVATIONS 

SHOWING THE DAY AND HOUR OF THE NIGHT WHEN THE STARS OCCUPY THE POSITIONS INDICATED ON THE MAP. 



NOVEMBER..! 1 28 



R 12 56 

10 12 52 

11 12 48 

12 12 44 

13 12 40 

14 12 36 

15 12 32 
IS 12 28 

17 12 24 

18 12 20 

19 12 16 



NOVEMBER 24 II 66 



26 11 

27 II 



28 11 

29 11 



DECEMBER 1 11 



DECEMBER 17 10 24 

18 10 20 

19 10 16 

20 10 12 

21 10 8 

22 10 4 

23 10 — 



JANUARY... 



24 



56 



25 9 fi2 



20 

21 12 



12 
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PROBLEMS.PE-RFORMED WITH THE TERRESTRIAL GLOBE. 



/.Moscow, 

Algiers, 

Norfolk, 

Madras, 

^ Prague, 

• Tripoli, 



Stockholm, 

Astoria, 

Aleppo, 

Madrid, 

Dantzic, 

Paris, 



Washington, 
Amsterdam, 
Mexico, 



Quebec, 
Canton, 
Pekin, 
Astoria, 



^ Problem 1. -r- To find the Laiitude of any ^ven place. 

Rule. — Bring the given place to the graduated si^e of the. brass 
meridian, and the" degree on the brass - meridian over the place is the 
latitude, \^hich is either north or south. 

Q. What is the latitude of New York ? 

A> About 41 degrees north. 

Q, What places have no latitude ? 

A. All places on the equator. 

Q. Find the latitude of the following places : — 

London, Philadelphia, Boston, 

Edinburgh, Rome, Dublin, 

Quito, 

Cape of Good Hope, Halifskx, 
Athens, Ispahan, 

Cape Horn, Cairo, • 

Teneriffe, Lisbon, 

Lima, Vienna. 

Problem 2. — To find the Longitude of any given -place. 

Rule. — Bring the givt»n place to the brass meridian, and the 
degree on the equator under the brass meridian, is the longitude. 
{Nate, — Longitude is reckoned from the meridian of Greenwich, 1801 
degrees east and west) 

Q, What is the longitude of New York ? 
A. 74 degrees west 
Q. What is the longitude of Pekin ? 
A. 116 degrees east. 

Q. Find the longitude of the following places : — 
Washington, Hartford, Sandwich Islands, Gibraltar, 

Rhodes, Calcutta, Constantinople, 

Havana, Jerusalem, Nankin, 

St Petersburgh, Venice, Berlin, 

Cape Horn, New Orleans, Rio Janeiro. 

Problem 3. — To find anyplace whose latitude and longitude are 
given. 

Rule. — Bring the given longitude to the. brass meridian, and under 

the given latitude is the place required. 

Q. What place is situated in seventy-four degrees west longitude, 

and 41 north latitude ? 
A. New York. 

Q. What places have the following latitudes and longitudes ? 
Lat 42** north, Lon. 71** west. Lat 34** south, Lon. 18* east 
Lat 53° north, Lon. 6** west Lat 41° north, Lon. 72° west 
Lat 38° north, Lon. 9° west Lat 39° north, Lon. 75° west 
Lat. 46° north, Lon. 75° west Lat 32° north, Lon. 81° west 

Problem 4. — To find all those pUices that are in the same latitude 
or longitude as a given place. 

Rule. — Bring the given place to the brass meridian ; then all the 
places under the meridian have the same longitude ; turn the globe 
round, and all places which pass under the latitude of the place have 
the same latitude. 

Q. What places have nearly the same longitude as New York I 

A. Albany, Montreal, Bogota. 

Q. What places are in the same latitude? 

A. Boston, Madrid, Naples, Constantinople. 

Q. What places have the same longitude and latitude as the fol- 
lowing places : — 

Washington, London, St Petersburgh, Rome, Cairo, 

New Orleans, Mexico, Canton, Calcutta, Dublin? 

Problem 5. — To find the difference of Latitude between any two 
places. 

Rule. — Find the latitude of each place, and note them down ; 
then if both places are on the same side of the equator, subtract the 
less latitude from the greater : if they are on the opposite sides of the 
equator, add the latitudes. 

Q. What is the difference of latitude between New York and London ? 

A, New York 41° north, London 51° north ; difference 10°. 



Q. What is the difference of latitude between Washizigton and 
Cape Horn ? 

A. Washington 37° north. Cape Horn, 56° south. — Sum 93°. 
Q. Find the difference of latitude between the following places:-^ 
New Orleans and Quebec, Mexico and Rio Janeiro, 
Madrid and Cairo, Pekin and Botany Bay, 

^ St. Petersburgh and Rome, Cape of Grood Hope and Cape Horn. 

Problem 6. — To find the difference of longitude hptween any two 
places. 

Rule. — Find the longitude of each place, and note them down ; 
then, if both places are east or west of the meridian, subtract the less 
longitude from the greater ; but if one is east and the other west, add 
the longitudes. 

Q. What is the difference of longitude between New York and 
New Orleans ? 

A. New York 74° ; New Orleans 90° west — difference 1 6 degrees. 

Q. What is the difference in longitude between Boston and E^me ? 

A.^ Boston 71° west; Rome 12° east — sum, 83 degrees. 

If the sum of the longitudes exceed 180 degrees, subtract it fron 
3 GO degrees; the remainder will be the difference in longitude; a& 
Astoria 124° west; Pekin 116° east=240 : 360—240=120° differ 
ence in longitude. 

Problem- 7. — The hour of the. day at anyplace being given, t^ 
find what o^clock it is at any other place. 

Rule. — Bring the place at which the time is given to the bras5 
meridian ; set the index to the given' hour, then turn the globe till the 
proposed place comes to the meridian ; the index will point to the hour 
required. If the place required is east of the given place, it is later ; 
if to the west, it is earlier. 

Q. When it is noon at New York, what is the time in London ? 

A. 4 o'clock 56 min. 

Q. When it is noon at Washington, what is the hour a* 
New Orleans, Mexico, Quebec, Boston, Astoria, Pekin, 

Cape Horn, Rome, St Petersburgh, Moscow Canton, Dublin? 
When it is midnight at New York, what is th<» hour at 
Paris, Cairo, Calcutta, St Helena, Gibraltar, Havana, 

Constantinople, Mexico, Astoria, >^ankin, Tunis, Cadiz? 

Problem 8. — The hour of the day being given at anyplace, to find 
all places on the globe where %i is then noon, or any other given hour. 

Rule. — Bring the place to the brass meridian ; set the index to 
the hour of that place ; turn the globe till the index points to the 
other given hour ; then all places under the brass meridian will be the 
places required. 

Problem 9. — To find tJie Antoeci of any place. 

Rule. — Bring the place to the brass meridian, and find its lat- 
itude ; then, under the same degree of latitude, on the opposite side 
of the equator, will be the Antoeci. 

Problem 10. — To find the Perioeci of any place. 

Rule. — Bring the given place to the brass meridian, and set the 
index to twelve; turn the globe till the index points to the other 
twelve, and under the same degree of latitude will be the Periceci, 

Problem 11. — To find thf Antipodes of any place. 

Rule. — Bring the place -to the brass meridian, and find its latitude ; 
set the index ^to twelve, and turn the globe till the index points to the 
other twelve ; then, under the same degree of latitude, on the other 
side of the equfitor, will be the Antipodes. 

Problem 12. — To find the dktance in miles between any two 
places on the globe. 

Rule. — Lay the quadrant of altitude over the two places, so that 
the division marked will be on one of the places, and it will show 
die number of degrees between them ; which, multiplied bj 69^, will 
give the distance in miles. 

Problem 13. — To find the Sun's Longitude or place in Ai 
Ecliptic, and his declination, in any given jnonth or day. 
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RuLB.— Look for the given day in the circle ofoionths on the wooden 
horizon, and opposite to it, in the circle of signs, are the sign and 
degree in which the sun is for that day. Find the same sign an^ 
degree in the ecliptic on the surface of the globe ; bring the degree of 
the ecliptic, thus found, to the brass meridian, and the degree of the 
meridian will be the declination. 

Problem 14. — To find the time at which the Son rises and sets ai any 
placty the day in the year^ and the length of the day and night at that 
place. 

RuLB.^Raise the pole (of the hemisphere in which the place is sit- 
uated) as many degrees above the horizon as are equal to the latitude 
of the place ; bring the sun's place on the given day, to the meridian, 
and set the index to 12 : bring the sun's place to the eastern horizon, 
and the index will show the time of the sun's rising ; bring the sun's 
place to the western edge of the horizon, and the index will show the 
hour of setting. Double the time of the sun's setting, and the length of 
the day will be had ; double the time of the sun's rising, *and the length 
of the night will be had. 

Problbm 15. — To find the length of the longest and shortest days and 
nights at any place on the earth* 

Rule. — If the place is in the northern hemisphere, elevate the north 



pole till the horizon cuts the brass meridian in the degree correspond- 
ing to the latitude of the place ; bring the first degree of Cancer to the 
meridian, and set the index to 12 ; find the sun's place in the ecliptic, 
(by problem 13,) and bring it to the eastern edge of the horizon, and 
the index will show the hour of the sun's rising ; double this time, and 
it will give the length of the longest night. Bring the sun's place to 
the western edge of the horizon, and the index will show the hour of 
setting , double this time, and you will have the length of the longest 
day at that place. If the place is in the southern hemisphere, elevate 
the south pole to correspond with the latitude of the place ; bring the 
first degree of Capricorn to the meridian, and proceed as above. 

Q. What is the length of the longest day and shortest night at New 
York? 

A» Longest day, 14 h. 56 min. ; shortest night, 9 h. 4 min. 

Problem 16. — To find those places where the Sun does not rise or set 
on a given day. 

Rule. — Find the sun's declination on the given day, (by prob. 18,) 
raise the pole (nearest to the sun's place,) as many degrees above the 
horizon as are equal to the declination ; turn the globe rmmd on its 
axis, and at all places that do not come above the horizon the sun does 
not rise on that day ; and at all places around the other pole that do 
not pass below the horizon, the sun does not set on that day. 



PROBLEMS PERFORMED WITH THE CELESTIAL GLOBE. 



[Latitude, on the Celestial Globe, is reckoned 90o, either north 
or south, on circles of Celestial Latitude, which are at right angles to 
the ecliptic. {See Diaorah, page 65.) 

liOngitade, on the Celestial Globe, is reckoned on the ecliptic, 
from the first degree of Aries, eastward, round the globe. 

Declination, is reckoned from the equinoctial, either north or 
south. 

Right Ascension, is reckoned. on the equinoctial, from the first, 
degree in Aries, eastward, round the globe.] 

Problem 1. — To find the Right Ascension and Declination of the 
Sun or a Star, 

Rule. — Bring the sun or star to that part of the brass meridian 
which is numbered from the equinoctial towards the poles : the degree 
on the brass meridian, over the place, will show the declination ; and 
the number of degrees on the equinoctial, between the brass meridian 
rid the first point of Aries, is the right ascension. 

R^(piired--^he right ascension and declination of the following stars: 



Aldebaran, in Taurus, 
Sirius, in the Great Dog, 
Vega, in the Harp, 



A returns, in Bootes, 
Capella, in Auriga, 
Regulus, in Leo. 



Problem 2. — To find the Latitude and Longitude of a Star. 

Rule. — Place the end of the quadrant of altitude, which is marked 
90**, on the north or south pole of the ecliptic, according as the star is 
north or south of the ecliptic ; then move the other end till the gradua- 
ted e{]^e of the quadrant comes to the star. The number of degrees on 
lh«» quadrant, between the ecliptic and the star, is the latitude ; and the 
number of degrees on the ecliptic, reckoned eastward, from the first 
point of Aries to the quadrant, is the longitude. 

t^YA2lPLE. — Required^ the latitudes and longitudes of the following 
stars * * 

Alciebaran in Taurus. Ans. Latitude 5» 28' S.; longitude, » signs 
6* r>:V, or 6* 53' in Gemini. 



Altair, in the Eagle, 
Rigel, in Orion, 
Pollux, in Gemini. 



Deneb, in the Swan, 
Antares, in Scorpio, 
Fomalhaut, in the S. Fish, 

Problem 8. — The declination and right ascension of a 5/crr, the 
Moony a Pi-net y or a Comet^ being given^ to find its place on the globe. 

Rule —Bring the given degrees of righi ascension to that part of 
the brass meridian which is numbered from the equinoctial towards the 
poles ; then under the given declination on the brass merkiian you will 
find the star or planet 



Q. What stars have the following right ascensions and declinations ? 



Right Asceiuion. 


DeclinaUon. 


Right Afoeniion. 


Declination. 


76® 14' 


8® 2T S. 


86* 13' 


44« 55' N. 


83 6 


84 11 S. 


99 5 


16 26 S. 


25 54 


19 50 N. 


li 11 


59 38 N. 


53 54 


23 29 N. 


46 32 


9 84 S. 



Problem 4. — The latitude and longitude of the Moony a <S/ar, or a 
Planet y being given, to find its place on the globe. 

Rule. — Screw the quadrant of altitude on the pole of the ecliptic, 
and place the other end on the given degree of longitude in the ecliptic ; 
then, under the given latitude, on the graduated edge of the quadrant, 
you will find the star, or place of the moon or planet. 

Q. What stars have the following latitudes and longitudes ? 



Latitndes. 

16® 8' S. 

22 52 NT. 

5 29 S. 

44 20 N. 



LongitadM. 

2» 25® 51 ' 
2 18 57 
2 6 53 
7 9 22 



LaUtndei. 

10® 4' N. 

21 6 S. 

12 3 S. 

27 N. 



Longitude!. 

3« 17® 21' 
11 56 
1 11 25 
4 26 57 



Problem 5. — 7%e latitude of a place j the day and hour being given^ 
to place the globe in such a manner as to represent the heavens at thai 
time, in order to point out the situations of the constellations and remark^ 
able stars. 

Rule. — Elevate the pole for the latitude of the place, and set the 
globe due north and south bj a meridian line ; find the sun's place in 
..fie ecliptic, bring it to the brass meridian, and set the index to 12. If 
the time be aAemoon, turn the globe westward ; if in the forenoon, turn 
the glol)e eastward, till the index points to the given hour. The sur. 
face of the globe then represents the appearance of the heavens at that 
time and place. 

Problem 6.^- To find the distance of the Stars from each other y in 
degrees. 

Rule. — Lay the quadrant of altitude over aViy two stars, so that tho 
division marked may be on one of the stars ; the degrees between 
them will show their distance, or the angle which these stars subtend, 
as seen from the earth. • 

Example. — What is the distance. In degrees, between the two stars 
Vega and Altair ? Ans. SA degrees. 
Also, between Regulus and Procyon, 

•• Aldebaran and Sirius, 

^ A returns and Spica, 

«• Capella and the North Star 7 
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GLOSSARY, 



OR EXPLANATION OF ASTRONOMIOAL TERMS 



JiBERRATtOff^—Aa a» jtrent animil motion in the fixed item, oecMioned by the ▼•loctty of 
ligfat combined with the real Telocity of the earth in iti orbit 

.^6«erAnU MUm— Subvtaoce* either loiid, liquid, or flnid, which imbibe the rayi of light and beat 

»feccJerc<»on.— An increase in the ruidity of^the motion «f a moTing body. The motiona of the 
planets are accelerated from their aphelion to their perihelion 

.dcronyeoL—A star is said to rise or to set acronycally when it rises or sets at the InalaBtof ionnt 

triform. — Having the form of air. 

•KrfiUle. — A meteoric stone. 

Jtir CT JUmonhert.—A transparent, uiTisible, elwtie fluid, snirounding the eaitlv In wbioh w* 
move and breathe. 

j9U»fu4<c.— The height of an object above the horixon. 

Jimphi»cii.—X name applied to the inhabitants of the torrid xone, because within the year, thair 
shadows, at noon, are caat both north and south. 

JimpUtude.—Tha distance which a heavenly body rises from the east, or sets fromtiia waat point 
of the horizon. 

^noiemiaa.— A figure on the artificial globe, drawn from one tropic to the other, on which ii 
marked the son's declination for each day in the ^ear. 

Jhif'U.—'The comer or oi»eniDg between two lines that meet A right angle contains 90 degreea, 
and is formed by one line railing perpendicularly upon anotlier An acute or sharp angle is leaa 
than a right angle. An obtuse or blunt angle is greater than a right angle. The moaaara of as 
angle is always an arc 

Jingle of Position ffa Double Sler.— The angle which a line Joining the two start makea with 
one parallel to the meridian. 

,^nilar DiVonrf.— The distance between two objects, which ia indicated by the angle, made by 
straight lines drawn to them from a given point 

Jtnnual E^tuuion.—A periodical inequality in the motion of the moon, or a planet, ffoiiig throngh 
its changes m a year. 

Jhmuat Reroltiiion of the Earth.— \\m yearly revolution round the sun. 

Annular. — Having tne form of a ring. 

•dnoKe/y.— The sun's angular distance from the apogee, or the earth's from aphelio!^ 

Antaraxe Circle — A circle round the south pole, 'Xi** ^ from it. 

^ntisodes.— Those who live on directly opposite sides of the earth. 

dflfUtfCi— ^ 

Aphelian.- 



i^Those who live in equal latitude on directly opposite sides of the equator, 
urn.— The point in a planet's orbit which is fartheiit irom tlie aun. 
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Moeee.—Tht point of the orbit of the moon or a planet farthest from tlie earth. 
•apparent Diameter.— The diameter of a body as seen from the earth. 
Apparent Motion,— The motion of the heavenly bodies as viewed from the earth. 
Apparent Time. — The time shown by the sun, as indicated by a dial. 

•^ris.-'The point of an orbit which is at the greatest or least distanc* from the oanirs ot motion. 
The former is called the hieher apsis ; the latter the lower apsis The two together an termod tiw 
apsides, and a line uniting tbnm is called the apsis line, or line of the apsides. 
Aquarius.— Th9 eleventh sign of the ecliptic, 
•^rc— Any part of the circumference of h circle. 
Arctic Oiircle. — A circle rountl the north pole, 939 29' from It. 

•^reos.— In astronomy, they are the spaces passed over by the radius vector of a OslMtial body. 
Aries.— The first sign of the ecliptic. Its first point is at the vernal equinox. 
Argument.— .\ quantity by which anotlier quantity or equation is found. 
Ascensional JHffrrence. — ^The diflbrence between ri^ht and oblique ascension. 
Aspect 'The appearance of the heavenly bodies with respect to position, angular diatance, Ite. 
Asterinds.— K.tgni small primary planets, whose orbits are between those of Man and Juptter. 
Their names are Vesta. Astraa, Juno, Ceres, Pallas, Hebe, Iria and Flora. Some suppose them to 
be fragments of a planet, burst bv some internal explosion. 

AHronomical Time-— Time reckoned from the noon of one day up to 94 houra, to the noon of 
the next day. It conse<|uently is made up of the lait 13 hours ot the aame civil diy, tod tlio Ant 
19 hours of the next civil day. 
Atmosphere.— The air that surrounds the earth, 
^ffrarfion.— The power of one body to draw another towards It 
w9ttslra{.— Southern. 

Aurora.— The morning, or the morning twilight 

Aurora Borealis, or Norihtm Lights.- A luminous appearance Ji the heaveaa, omDy muk tk 
high btitudes, and so named from its fret^ucnt resemblance to the morning dawn. 
Axis of Rotation.— The line around which a revolving body turns. 

Ams of an Ellipse.— The mi^or axis ia the greatest diameter. The minor axla ii the laaat 
diameter. 

Aximuth.—The distance of a heavenly body east or west of the meridian, which ii indicated by 
the angle between the meridian and the vertical circle passing through the body. 

Aximuth, or yeriieal Circle —A great eircle in the heavens, passing tlirough the lonlth and nadir, 
and cutting the horixon at right angles. 
Binary System t}f Stars.— Two stars revolving about each ether. 
Bissextile, or Leap Tear.—F.yeTj fourth year, in which February has 39 days. 
Body.— In astronomy this term is applied to anv one of the celestial orbs. 
Calendar.- A term applied to the Almanac, or the divisioLS of time of which it tmlft 
Oaiendar Montht.- -Tht months as laid down in the almanac. 
Oanerr.— The fourth Rign of the eclintic. 
Capricorn. -The tenth sign of the ecliptic 

Cardinal P'tints.— The east, west, north and south points of the horizon. 

Cmtrijv^al Force.— The force which uiges a revolving body forward in ita oitlt, 01 mdi to 
carry it away from the centre of motion. 

O^ntripetat force— The force which draws a revolving body towards the centra of motion. 
Chord.— A straight line from one end of an arc to the other. 

Otrvle. -A figure bounded by a curve line, every part of which Is eonally distant Arom the cen* 
tie. A great circle is one whose plane divides a globe into two equal parts called hemisphoraa ; 
small circle is one whose plane divides a globe into unequal parts. 
Circle of Declination —The circle where the plane of the meridian meets the heavens. 
Circle of TUumination.— The circle that divides the enlightened from the dark hemisphera. 
Circvmterince.— The boundary of a eircle. The elrcumterence of every circle is supposed to bo 
divided iiito 360 equal parts, called degrees ; each degree into 60 equal parts, called minutea \ and 
each minute into 60 equal parts, called seconds. 
Circumpotar Stars.— Thote stars which revolve around the pole without paasing below tiw 

horizon. 
CiAti^.- Vapor, in the atmosphere, condensed into small dropa of water, and thoa rendored 

▼iaible. 
CiWutrs.— Those two meridians which pasa through the equinoctial and aolatitial points of tho 

ocliptio, called the equinoctial«and solstitial colures. 

Comet.— A body with a luminous train or tail moving around the sun In a veiy elongated oiMt 

Complement of an Arc or Anfle—V/hai it wanU of 00 degrees. 

CotM-me.— Hollowing in a circular manner. 

Concentrie Circles.— Circiet having the same centra. 

Of^.—A solid with a circular base, and Upering equally upwards to a point 

Conjunction —Two heavenly bodies are in coi^unction when they have the aame longitndo. A 
planet Is in inferior coniunction when it is bet ween the earth and sun : in superior conjunction when 
Itisbey ond the sun The inferior planets only have hiferior conjunction, but all have superior ooo* 

Junction 

Constellations.—Oromim of stars to which the namea of men and animala wore anciently gifOB. 
Tlio whole starry firmament ia divided into such gronpa. 



OmsMc-^tonnding out In a circular manner. 

CandeaL— The rising or setting of a star is said to be cosmical, when It rises or aets at it t 
nuMnent of aunrise. 

Cmke^—A square solid of six equal sides. 

Oaiauncle.— Topass the highest point of the diumsJ are, which is at the meridian. 

Culmination.— The passing over the meridian, or point of highest altitude. 

Cucie.—A period of time in which the same phenonBona or dreumstancea of a body begin to occor 
■gam in the aame order. 

Cyck of the Moon, or Metonie Cycle.— A period of 19 years ; after which tho changes of the moon 
vatum to the same days of the month (when five leap years are included,) as on the same year of 
the preceding cycle, or 19 years befoie. 

Cycle of the Sun.— A period of *2d years ; after which the same days of the month return to the 
aame days of the week ; and the sun's place, to the same degrees and minutes of the ecliptic, as on 
the same year of the preceding cycle. 

Cycle of a Planet.— A |>eriod during which a planet passes through its varioua positions witn 
respect to the ann and earth. 

Cylinder.— A ronn^figure or solid of equal aize from end to end. 

pylmdneel.— Having the form ol^a cylinder. 

DecUnaHan. — The angular distance uf a heavenly body, north or south, from the cquinoctiaL 

Z>e^ree.-'One StiOth part of the circumference of a circle. 

DiarofuiL — A line drawn from comer to comer of a fuur sided figure. 

BteT.— An instrument showing the hour of the dny, by the shadow of the sun. 

Diawuter.—A straight line passing through the centre of a figure, and terminated both ways by 
its aides or surtece. The longest and shortest diameters of an elU|tse are called the transverse and 
conjugate diameters 

Ik'cAtf/omired.— Divided into equal and similar parts, as the disc of the moon at quadrature. 

Digit. — One-twelflh part of the upparent diameter of the sun or moon 

Direct motion of a Planet — Ajiparent motion from west to east, according to the order of the signs. 

DUe. — The apparent surface of a heavenly body. 

Dhtmal Arc.— The arc described by a heavenly body from its rising to its setting. 

Diurnal Revolution of the Earth.— ItM daily rotation on its axis, from west to east 

Dominical Letter.— The letter in the calendar against Sunday ; the first 7 letters of the alphabet 
being appUed to the first 7 days of the year. 

Dionysian Period— A period of 532 years ; found by multiplying the eyries of the sun and moon. 

Earth. — ^The ^lobc on which we live. 

Eiast.— The direction in which the sun rises at the equinoxea. 

£cceiiirj£.— Deviating from the centre ; irregular. 

Eceeentrie Circles.— Those that are wholly or partially included in each other, but have dUTerent 
centres. 

EecefUricitjf.— The distance from the centre of an ellipse to either of its foci. • 

Ecliptic. — The circle, where the plune of tlie earth's orbit meets the heavens. 

£mss. — ^The act of going out. 

Abment— Fundamental principle ; quantity by which something else ia found. 

JSSIfvattjn— Height or altitude. 

JEUspie.— An oval ; a fijrure made by the oblique section of a cone. 

]^angation.—The angular distance of a planet from the sun, or the dillbranee of their celestial 
lomEi^v^h). 

Emersion.— The act of rising out of something, or reappearing. 

£pac(.— The age of the moon at the commencement of the year. 

Rncyele.—The curve described by a point of one circle, revolving upon another circle 

j^foch or Era.— A particular time, from which events are reckoned. 

Equation.— A quantity to he applied to mean time, place, or motion, in order to find the frus. 

Equator. — A great circle, whose plane Is perpendicular to the earth's axia. 

Equino:tiai or Celestial Equator.— The circle, where the plane of the equator meeta tho beavena. 

Emdnoctial Points.— The points where the equinoctial cuts the ecliptic, or the first points of Aries 
and Libra. 

ffutnoC'The time when the sun enters either of the equinoctial pointa. The Tomal eqnlnox 
occurs In March, the autumnal in 8e|>tember. 

Eoection.—A periodic inequality in the motion of the moon. 

Firmament.— The heavens, or orb of fixed stars. 

Fixed Stars. — Those stars which preserve the same situation with respect to each other. 

Foci, — ^The plural of focus ; the two points round which an ellipse is drawn. 

Fogs or lft«<.— Vapor, condensed into minute drops of water, as in clouds. 

Frustum.— Whikt romainv of a regular figure after a piece is cut oflTbv a plane parallel to Its baae. 

Oalaxy or Milky fVay.—A luminous zone In the heavens, composeo of an imroenae number CNf 
fixed stars 

QeoceiHric,—AM seen from the earth, or the earth being the centra. 

OtMous — The shape of the illuminated part of the moon, when mora than half and not tho whole 
of its disc is visible. 

Globe.— A sphere, ball, or round body. Artificial globes of two kinds are made ; the terrastial. 
to represent the earth ; and the ceJestiat to repreaent the heavens. 

Qolden IHumbtr.—TUe number of years in the cycle of the moon since tho enact was no*lilrg 

Oravii^ion or Granty— The atiractioii or power which draws ail bodiea towards each ouier. 
Also, its effect. as weight, caused by the earth's attraction. 

Hei/.— Drops of rain, frozen while ftliing. 

Harvest ifoon.— The full moon nearest tne autumnal equinox. 

HeliaeaL—The heliacal rising or setting of a star takes place, when it risea a Uttle before or sets 
little after tho ann. 

//Wiecentn'e.— As seen from the sun, or the snn being the centre 

Hemisphere^— Helt e sphere or globe. 

HeteroaeiL—A name given to the inhabitants of the two temperate zenea, becauae at noon those 
In Uie northern alwavshave thair shadows in an opposite direction to those in the southern. 

Horizon —The visible or sensible horizon is the circle where the sky and earth appear to meet 
The rationfl horizon is parallel to the visible, and its plane divides the earth into upper and lower 
bomispLeres. It is represented on the artificial globe by the wooden horizon. The circle where 
ita plane meeta the heavens is called the celestial horizon. 

Horiaifila/.— Level or paralkl to tlie horizon. 

Hour Circic.— A amall circle, on the globe, near the north pole, having on it the hours of the day. 

Anecrsten.— The act of plunging into something, or disappearing. 

liic^Niatton.— Anrie. A position forming an scute angle. 

btdex.—A movable hand on the globe, to point out the time on the honr circle. 

Jfifress. — An entrance. 

Jnlerco/e/ien.— The insertion of an extra day in the calendar, as the Bissextile. 

Julian Period.— A period of 7.980 years, found by multiplying together the cycles of tho inn and 
moon, and the Roman Indiction. 

Julian Year. — A period of exactly 805^ days. 

Latitude on the Earth.— The distance of a place north or south of (he equator. 

Latitude in the Hraeens— The an^lar distance of a heavenly body from the ediptlo. 

Leap Krur.- Every fourth year, in which an extra day is added to the calendar. 

Lte.— The fifth sign of the ecliptic. 

JMra —The 7th sign of the ecliiitic. 

Isfrrofien of the Moon,— A periouical oscillation of her diae. 

Limb.— The enrved edge of the snn or moon^ diae. 

Ites.— That which has length but no breadth. 

lengMnrfs an t*s ArtA.— INalanoe east or weat of tho ifat morUlaB. 



GLOSSARY, OR EXPLANATION OF ASTRONOMICAL TERMS, (coirauED.) 



Longitude m tht /iemetu— The angular distanca of a haavanlj bodj, measured ob the edipUe 
eastward, from the ftrat point of Aries. 

IwMtfiotM.— ^-spable oi shining without light from another body. 

Lvnor DMUnrc— The angular distance of the centre of a celestia] object from the centre of the 
«o«n. 

LuiMT Motuh. -The time from one new moon to the next 

LumKMn.— Thf" arerage time of the lunar month. 

Manner^a Cfnp«<«.--An instrument with a magnetio needle, to point out tlto horizontal 
direction. 

Mass.— The qnantitjr of matter in a body. 

Mean.— Average ; appUed to distance, longitude, motion, place, thne, iic 

MtiidUn •/ a Place— A great circle passing through the place and the poles of the earth. The 
fit St meridian is the one from which longitude is reckoned. The braxen meridian is that in which 
the artificial globe turns. 

Afc/eor —A transitory object in the air. Falling stones are often called meteorites. 

Aftfui/c— One 60th part of a decree ; also one 60th part of an hour. 

MootCs Southing.— The time when the moon comes to the meridian of a place. 

NaJir.—A |K>int directly opposite to the zenith, or beyond the centre of the earth. 

Neap 7Hd*.—The least flood and ebb tide. 

ACrAufa — Clus-««rs of Stars, or other cauMS of the luminous appearances in the heavens. 

Nocturnal Jirt. The arc described \rj a heavenly body from its netting to its rising. 

Nonagenimal Offeree.— The highest point of the ecliptic above the horizon. 

Node.— The point of the moon's or a planet's orbit that is cut by the plane of the ecliptic There 
are two nodes, oae on each side of the centre of motion ; and a ^Jne joining them is called the line 
of the nodes. The place where the body passes to the north of the ecliptic is called the ascending 
node ; the other the descending node. 

Nne Style.— The reckoning of time established by Gregory XiII., and now generally adopted 

ATer/ii.— That point of the horizon which is directly towardx the northern jiole. 

Pfuclnu of a Oomft.— The *>art of its head which anitears to be dense. 

NxUation —A variation in the direction of the eartn's axis, caused by the attraction of the moon 
on the protuberant matter at the terrestrial equator. 

Oblique.- -Forming an acute or obtuse angle ; not perpendicnlar. 

Oblitpte «4scension-— That degree of the equinoctial which rises with a body in an oblique 
sphere. 

ObUqut Descmtion.— That degree of the equinoctial which sets with a body in an oblique 
sphere. 

06/t9Mify.— Deviation from parallelism and from perpendicularity 

ObUf/uity of the Ertiptic— The angle formed by the equinoctial with the plane of the ecliptic 

Occidental. — To the we<(t, where the heavenly bodies appear to descend. 

OccuUation.—The eclipse of a star or planet by the moon or by another planet 

Oc/ff»i/.— Fortv-five degrees distant, or the eighth part of a circle. 

Old Style.— TUaX reckoning of time which makes every fiourthyear a leap year. 

Opake. — Not luminous or transparent 

(jpnotition. — Two bodies are in opposition when they are on opposite sides of the earth. 

Orbit. — Tlie path in wliich one bo<ly moves round another. 

Oriental. — I'owards the east, where the heavenly bodies rise. 
■ Parallax.— The difference of the place of a body, as seen from different points of view. Diurnal 
parallax is the difference bi»tween tlie apparent and true place of a body. Horizontal parallax is 
the diurnal parallax of a body in the horizon. Annual parallax is the difference of the apparent 
place of a body, as seen from different parts of the earth's orbit 

Parallactic Motion. — Angular motion sufficiently great to be perceived. 
' Parallel Line*. — ^Those continued in the same direction, at the same distance from each other. 
Parallels of altitude, declination, and latitude, are small circles paratlol to the horizon, equinoctial, 
sni! equator. 

Penumhra. — A partial or imperfect shadow. 
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Periodic Inequality— An irregularity in the motMn off ielestial body, requiring a comparatiTely 
short time for its accomplishment 

Periodic TVme.— The time in which a heavenly body revolves around its centre of motion. 

Periscii—A name given to the inhabitants of the frigid zone, because their shadows turn all 
round them in one day 

Perpmdicular. — Maldng a right angle with some line or surface. 

PerturbationM. — Irregularities in the motions of bodies, from some disturbing cause. 

PAofr*.— Different appearances of the moon and planets as they are differently illuminated. 

Phenomena. — .Appearances in the woiiis of nature. (Singular Ilienomenon.) 

PAyn'ca/.— Belonging to material nature. 

Piaeta.— The l'2th sign of the ecliptic. 

Plane.— Length and breadth without thickness. The plane of a cirrle is the surface contained 
within it. and continued out of it on all sides, indefinitely, to the heavens. 

Planet. —An opake body revolving around the sun The secondary planets revolve around the 
primary planets, as well as around the sun. Those planets nearer to the sun than the earth is, are 
called inferior : those more distsnt are called su|>erior. 

PleiadeM.-Tne seven stars in the constellation Taurus. 

Ptftnf.— Tliat which has position but no magnitude. 

Polar Oireleg. — Small circles drawn around the poles, 38^ degrees from them. 

Polar Dittanee. — Angular distance from the pole, measured on a circle of declination. 

Polea.—The terrestrial poles are the extremities of the cart It's axis. The celestial poles are the 
points where the earth's axis, if pro<luced, would meet the heavens. 

Pole Star.— A star of the second magnitude, near the north pole of the heavens. 

Potnr^ra.— Two stars in the great bear, that aerve to point out the pole star. 

Precesfion of the ESquinoreu—A retrograde motion, on the ecliptic, of the equinoctial |)Oiuts, ' 
caused by the action of the sun and moon upon the protuberant matter at the earth's equator 

iluadrant. — Ninety degrees, oi a quarter of a circle. An instrument to measure angles. 

(luadratttre. — ^The position, a quarter of a circle from the sun. 

Qundnlateral /Y<wre. — One that has four sides. 

Qif<rrft7e.— Ninety degrees distant from each other ^ 

Qiiirecent.— At rest \ not in motion. * 

Hailiation. — An emission of rays. 

R.i'iiits.—A straight line from the centre of a circle or sphere to its circumference. 

RoHiut Vector. — A straight line between a planet and the sun, or centre of motioD. 

Korn.— Drops of water falling from the clouds. 

Hrfiettion.- The turning hack of rays of light or sound from a surface. 

R* fraction.— The breaking or bending of a ray of liirhtin neiislng through media of diflkrent 
densities 

K(7»ii/«i>m.--The property by which bodies recede or fly from each other. 

Rt tragi ade Motion of a PUmeL — ^Apparent motion from east to west, contrary to the order of tfit 
! si^ru. 
I lUrahti ion.— Motion finom a point round to the same aoain. 

Right ^»cen»ion—The distance east on the equiooct^ firom the inl point of Aiiee. 

Htg\i Line— A straight line ; a duitc: eonree 

Roman Indict ten.— A period of 16 years. 

B4ffation.— The motioa of a body round its i 



SatetUte—A moon, or secondary plinet 

Scorpio.— The eignth sign of the ecllptks. 

Secondary Circfcs.— Such as are in planes tiiat are perpendicular to those cireles ef which thej 
are the secondaries. 

Sector of a Circle. —Space enclosed by twe radii and an arc, less than a semieircle. 

Seculm" IriMua/iftVs.^ Variations in the motions of the heavenly bodies, requiring many ages in 
their accomplishment 

Segment. — Anv part of the surface of a circle cut off by a cord. 

Sesuctrrie.— Half a circle. Half of the circumference, or an arc of 180 degrees 

Sidereal Iknf.— The time included between two consecutive transits of the same star at the same 
meridian. This period is invariably of exactly the same continuance ; and it is the only one in 
nature, with which we are acquainted, that is so. Hence it forms a perfiBet standard measure, by 
reference to which ail portions of time may be ascertained. Astronomical clocks are made to 
show sidereal time. It mav likewise be observed that our standard measures of length, capacity, 
and we.cht, depend upon tne equable rotation of the earth on its axis, as they are referred to the 
leng^th of a pendulum beating seconds of mean time. 

Sign.— Thirty degrees, or the IMh part of a circle. The ascending signs of the ecliptic are those 
in which the sun's meridian altitude is daily increasing. 

Snew.-' Water frozen while in the form of clouds, mist, or fine rain, which then f«ll« gently to 
the earth. 

Solar Day.— The time fhim one noon to the next i* the apparent, and the average time of that 
period, the mean, solar day 

5o/ar Sysfeni.— The sun, with its planets and comets arranged regularly, fai their several positiona 

SolstieeM.— The times at which the sun is in the soNtitial points. When the sun is at the summer 
soltttice all places in th<> northern hemisphere have their longest day. These days vary in length 
from 13 hours at the enuator to 34 at the arctic circle, and in the frigid zone they increase front 34 
hours at tlie arctic circle to Q months at the pole, where there is but one day and night during the 
year. At the same time all places in the southern hemisphere have their shortest day, These vary 
from 13 tiours at the equator to nothing at the antarctic circle, where tlie sun does not rise above 
the horizon. The length of the days in south latitude corresponds to the length of the nights in 
north latitude ; and the len{;th of the nights in south latitude corresponds to ttie length of the days 
in north latitude When the sun is at the winter solstice, this condition of things is reversed, and 
the southern hemisphere presents the same phenomena, with respect to the sun, as does tiie north* 
em when the sun is at the summer solstice. 

Solstitial Points.— The points of the ecliptic which are farthest from the equinoctiaL 

So;(/A.— That point of the horizon which is directly .opposite to the north pole. 

Sphrre.—A globe or ball. A solid which has every point of its surface equally distant from its 
centre. Also, the concave expanse of the heavens that surrounds the earth. The s|^ere has three 
positions, right, oblique and parallel Tliose who live at the equator have a right sphere, all the 
circles ol daily motion rising directly above, and descon4li*:g Erectly below the horizon. Those 
who live between the equator and poles have an oblique sphere, all the ciix^les of daily motion 
being oblique to the horizon. Were any one at either of the poles he would have a parallel sphere 
all the circles of daily motion being parallel to the horizon On the artiflcial globe a right sphere 
is represented by placing both poles in the horizon : an oblique sphere by raising one pole a litUe 
and depressing the other } a parallel sphere, by bringing one pole to the zenith and the other to the 
nadir. 

Sjthirical —Having the form of a sphere. 

Spheroid —A solid resembling a sphere. If the polar diameter be the least, it is called an oblate 
spheroid ; if it be the greatest, it is called a prolate or oblong spheroid. 

Spn»ie Tu!e.—The greatest flood and ebb tide. 

Statinnarv,—A term applied to tlie apparent motion of a planet, when its real motion, combined 
with iliat of the earth, causes it to remain at the same point in the heavens. 

SupplriueiU of an arc or anele.— What tlie are or angle svants of 180 degrees. 

Stir/arf .— That which has length and breadth, but no thickness. 

Synodic Month.- A compleda mnation, or from one new moon to another; it beii^ 39 days, 19 
hunrs and 44 minutes. 

Syzyeies.-The points in the moon's orbit where she is new or ftiD. 

Taurus. — The second sign of the ecliptic 

Tide.— The rising and falling of the watera of the ocean. The rising of the water Is called flood 
tide ; the falling, ebb tide. 

Transit— The passage of a body across the meridian of a place. The transit of Mereorr and 
Venus usually means their apparent passage across the sun's due 

Trapezium. — A figure bonnaed by lour unequal sides. 

Triangle.— A figure bounded by three lines, or sides. An equilateral triangle has three equal 
sides ; an isosceles, only two ; a scalene triangle has three unequal sides. A triangle is called a 
right, obtuse, or acute angled triangle, according as it has a right, obtuse, or three acute angles. 

Tropic of Cancer.- A small cirele, 33** 38^ north of the equator, and parallel to it 

Tropic of Oopricom.—A small cirele, Ti" 3S' south of the equator, and parallel to it 

Tropical Year. — The period between the consecutive returns of the sun to the san 
solstice. 

Trtif Di9tanee.—The actual distance of a body from the sun, or of a satellite from its planet 

Tn/p Place of a Planet.— Thie place where it would appear to be, if seen from the centra of the 
earth, or centre of motion. 

Ttrilifht. — The faint light of the sun before sunrise and after sun.set. 

Uvtbra.—A dark or total shadow. 

Universe —The whole material creation. It has been improperly appUed sometimes to large 
clusters of stara. 

^'apor.— Water in an aeriform state— steam. 

f'trtex.— The head, top, or summit 

yrrtical-The direction of the plumb>liue. 

yertieal Plane.— A plane passing througk tStf plumb-line, consequenCly perpendicnlar to the 
horizon 

Vertical Circle— A cirele in a vertical plane, passing through the xenith and nadhr, and cvttinf 
the horizon at richt angles. 

Virgo— The 6th sign of the ecliptic. 

franm<.— Declining in power, or decreasing in light 

ITrff.— That direction in which the sun sets when in the aqtiinoxes. 

n^n«t— Air in motion. The trade winds blow steadily to the westward, in the Atlantic and 
Pacific oceans, between the tropics. The monsoons, or shifting trade winds, in the Indian ocean, 
blow part of the year one way, and the other part in an opposite direction. The winds beyond 
the 40th degree of latitude are all variable. In the torrid zone, near the sea, breezes blow from the 
land in the morning and from the sea in the evening. 

Year.— A solar or tropical year is the period from the departure of the sun from the summer sol- 
stice, to its return to it again. Its length is 865 days, A hours, and nearly 49 mhautes. The sidereal 
year, which is the period between the departure and return of the sun to a fixed star, is about 17 
minutes longer. The anomalistical year Is the time from the sun's l««ving his apogee till he 
returns to it, and is 366 days, 6 hours, and about 14 minutea. 

Z^ith —The point in the heavens directly over bead. 

Zmith Disianes.— The angular distaiice of a heavenly bod. from the xenith, measured on a verti- 
cal cirele. 

Zodiac.— A space or belt in the heavens, 10 d^^rees breed, ^ ^ on each side of the ecliptic,) la 
which are the orbits of all the planets except a part of the asteroids. 

Z«ne.— A belt or girdle on the earth's surface, formed bv cirdea paraUel to the equator There 
are five aones ; the tprrid, two temperate, and two frigid, formed *sy the tropics and polar cirelea 
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